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DESCRIPTION OF APOLLO GUIDANCE ANALYSIS

STATISTICAL TRIALS PROGRAM

By Elric N. McHenry, Dennis M. Braley,

Ernest M. Eridge, and Robert N. Hinson

1.0 SUMMARY

The purpose of this report is to describe the techniques, capabi-

lities, and formulations of the Apollo Guidance Analysis Statistical

Trials Program. The Apollo Guidance Analysis Statistical Trials Program

(AGAST) is an error analysis computer program designed to aid studies of

Apollo rendezvous mission plans. The AGAST simulates targeting, guidance,

and navigation computations specified for the Apollo rendezvous missions.

Error_analyses may be performed by AGAST for both lunar and earth missions.

The error analysis technique used is that of statistical trials, that is,

the Monte Carlo method (ref. I).

2.0 INTRODUCTION

_j

A collection of FORTRAN language simulations of routines in the

lunar module (LM) and command/service module (CSM) onboard computers

form the core of the program. Modeled are the onboard guidance and

navigation systems of the command module computer (CMC), the LM primary

guidance and navigation control system (PGNCS), and the LM abort guid-

ance system (AGS) as documented in references 2, 3, and 4, respectively_
The maneuver targeting and guidance equations for LM descent to the

lunar surface, LM ascent into lunar orbit, and the concentric sequence

rendezvous are programed into AGAST. Other onboard routines coded into

AGAST are the state vector integrators and the navigation equations.

The program has the capability to simulate both AGS and PGNCS computa-

tions and maneuver control. Also modeled are some of the Real-Time

Computer Complex (RTCC) rendezvous maneuver targeting computations and

Manned Space Flight Network (MBFN) state vector updates. To perform

an error analysis of a mission profile, the program may model any or
all of the four computers: CMC, PGNCS, AGS, and RTCC.

The program simulates a mission by performance of maneuver computa-
tions (targeting and guidance) and integration of the state vectors



between maneuvers. The update of the state vector estimates by either
onboard sensors or ground based tracking (MSFN)is also simulated. The
mission plan profile is defined by input packages to the program. Each

individual input package is called an event package and defines a speci-
fic set of computations to be performed. Program computations are
actuated by the reading of the event packages on computer cards (ref. 5).
The program user may have the program simulate events of the following
kinds.

a. Maneuverevents

b. Vehicle-to-vehicle transferral of maneuver information

c. Platform alinement

d. AGS-to-PGNCSalinement

e. Vehicle-to-vehicle update of state vector estimates

f. MSFNupdate of state vector estimates

g. Update of onboard state vector estimates with onboard sensors
(rendezvous radar, etc.)

There are few program restrictions on the order or numberof events
which define the mission profile; the program is very flexible and
requires little or no modification for the different Apollo missions.

Although AGASThas been developed to be used primarily to perform
the integrating Monte Carlo trajectory error analysis, it need not neces-
sarily be used for that purpose; it maybe used to perform deterministic
(error free) studies of a variety of mission plans. It mayalso be used
to perform studies of the effects of particular error sources; for in-
stance, the program user may specify certain engine performance discre-
pancies and may obtain the deterministic effects of those discrepancies
on the mission.

Documentationmaybe found in the references mentioned in appendix A
for all subroutines which are used in AGASTbut not represented by a
flow chart in appendix B. Symbols used in appendices A and B are de-
fined in appendix C. The authors wish to express their appreciation for
the help rendered by the ITT-FEC engineering aides in the preparation of
the figures and flow charts in this document.

h



AGAST

AGS

APS

BR

CMC

CSM

DPS

IMU

LGC

LM

LOS

LS

LV

MSEN

NA

PA

PGNCS

RCS

_EFSMMAT

RR

RTCC

3

B.0 DEFINITIONS

B.l Abbreviations

Apollo Guidance Analysis Statistical Trials program

abort guidance system

ascent propulsion system

basic reference coordinate system

command module computer

command/service module

descent propulsion system

inertial measurement unit

lunar module guidance computer

lunar module

line-of-sight coordinate system

landing site

local vertical coordinate system

Manned Space Flight Network

nominal alinement

preferred alinement

primary guidance and navigation control system

reaction control system

rotation matrix which defines the IMU orientation in basic

reference coordinates

rendezvous radar

Real-Time Computer Complex



SCT

SXT

VHF

[A]

[B]

[T]

RA

RM

RA

RM

[P(t) ]

[PT ]

[s]

[m]

t

uT

UTD

scanning telescope

sextant

relative range measuring device on the CSM

3.2 Algebraic Symbol Definition

rotation matrix maintained by the AGS which relates the

AGS strapped down platform to the AGS reference frame

rotation matrix that represents the bias misalinement of

the accelerometers with respect to the platform

the n by n identity matrix

actual relative range between two vehicles

measured relative range between two vehicles

actual relative range rate between two vehicles

measured relative range rate between two vehicles

IMU platform orientation error matrix; rotates from ideal

IMU orientation to the true orientation of the IMU

value of [P(t)] at the time of an AGS-to-PGNCS alinement

diagonal matrix with the accelerometer scale factors of

each accelerometer axis on the diagonal

REFSMMAT; rotation matrix from basic reference coordinates

to the ideal orientation of the platform

current time

unit vector along the thrust direction

unit vector of the actual thrust direction

unit vector of the desired thrust direction
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4

X

xA

X

x-NIili l
BA

_M

AV
CO

AVp

AX

velocity-to-be-gained for burn

six-dimensional state vector of a vehicle's position and

velocity in BR coordinates

actual (environmental) state vector

estimated (onboard or MSFN) state vector

value of the onboard state being updated which results in

no estimated relative state errors in a local sense

reference (nominal) state vector

n-dimensional vector subject to random Gaussian dispersions

m

array of N random samples of the random vector x

actual RR or SXT shaft angle

measured RR or SXT shaft angle

actual incremental velocity change added during a guidance

cycle

accelerometer AT read bias

burn error due to pilot cutoff error

measured AV rotated into BR coordinates

accelerometer measured AV in platform coordinates

burn error due to initial thrust vector misalinement

six-dimensional relative state vector between two vehicles;

for instance, the nominal relative state vector is:

where the relative position vector is directed from vehicle

J to vehicle I
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AxA

AX E

6R

6R

6X A

6x

68

60

eA

eM

ZA

_REL

actual relative state vector

estimated relative state vector

estimated relative state which the onboard tracking must

produce to have no errors in a local vertical sense

measurement bias in R M

measurement bias in R M

difference between XA and XR

difference between XE and XA

error in the estimated relative state vector

n-dimensional random dispersion 2f x whose components
have zero mean; i.e., x = _ + _x

measurement bias in BM

measurement bias in eM

n-dimensional random vector whose components individually

have zero mean and unity variance; i.e., a normalized
random vector

actual RR or SXT trunnion angle

measured RR or SXT trunnion angle

mean of the random vector

n x n covariance matrix of an n-dimensional random vector

covariance matrix of an actual state vector XA

covariance matrix of an estimated relative state vector

(from onboard tracking)
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4

_T

o

O..

zj

ON R

o.
N R

°N B

ON e

_A

_D

MSFN tracking covariance matrix

n x n covariance matrix of _x

n x n covariance matrix of

standard deviation of a random variable with normal distri-

bution

element of the ith row and jth column of

standard deviation for the noise on the range measurement

standard deviation for the noise on the range rate measure-

ment

standard deviation for the noise on the shaft angle measure-

ment

standard deviation for the noise on the trunnion angle

measurement

actually turning rate vector for the thrust direction

desired turning rate vector for the thrust direction



4.0 COORDINATE SYSTEMS

The coordinate system in which AGAST does most of its computations

is called the basic reference frame. The AGAST basic reference frame

corresponds to that of the CMC and the LM PGNCS. For earth missions,

the reference coordinate system is the Besselian inertial frame; for

moon reference, it is the selenocentric coordinate system. The AGS

computer actually uses as its basic reference computing frame the

definition of the PGNCS platform orientation at AGS-to-PGNCS alinement;

but in AGAST, the AGS basic reference system is the same as that of the

PGNCS. The following sections define some of the other coordinate sys-

tems used in AGAST.

4.1 Apollo Local Vertical Frame

The Apollo local vertical frame is defined for a given vehicle at

a given time. Where XLV , YLV' and ZLV represent the axes of that

coordinate system, the directions are defined as follows.

NLV along the local horizontal in the direction of orbital motion

YLV along the negative of the angular momentum vector

ZLV along the negative of the radius vector

4.2 The U%_ Coordinate System

Another local vertical system used in AGAST is the UVW coordinate

system. Where U, V, and W represent the axes of that coordinate system,
the directions are defined as follows.

U along the radius vector

V along the local horizontal in the direction of orbital motion

W along the angluar momentum vector

4.3 Line-of-sight Coordinate System

The line-of-sight coordinate system is useful for some output

purposes. A part of the onboard tracking simulation output is in that

coordinate system. For the definition of the LOS system, the following

notations are used: the indices i and j refer to either the LM

or the CSM but not to both. Where XLOS, YLOS' and ZLO S represent the

axes of the LOS coordinate system, the directions are defined as follows.

t"



XLOS

YI.,O8

ZLOS

along the line of sight from the ith vehicle to the jilt
vehicle

along the vector defined by the cross product o/ the line-of-
sight vector with the ith vehicle's radius vector

along the vector which forms a right-handed system with XLO S

and YLOS

4.4 Nominal Platform Alinement Coordinate System

The CMC and PGNCS platform orientations denoted nominal are local

vertical frames. The CMC nominal alinement system is the same as the

Apollo local vertical defined in section 4.1. The PGNCS nominal plat-

form alinement has a different definition. Where XNA, YNA' and ZNA rep-

resent the axes of the PGNCS nominal alinement coordinates, the
directions are defined as follows.

XNA along the positive radius vector

YNA along the negative angular momentum vector

ZNA along the local horizontal in the direction of orbital motion

• t

4.5 Preferred Platform Alinement Coordinate System

The inertial platforms of the CSM and the _4 are usually put into

the preferred maneuver orientation before a maneuver is executed.

Where XpA , YPA' and ZpA represent the axes of the preferred platform

coordinate system, the directions are defined as follows.

XpA

YPA

along the initial thrust direction

along the vector formed by crossing the thrust vector into
the radius vector

ZpA along the vector which forms a r_ght-handed system with XpA

and YPA

4.6 Landing Site Platform Alinement Coordinate System

Duming LM descent to the lunar surface and ascent into lunar orbit,

the LM platform will be alined to the landing site alinement. That

alinement is defined by the following definition of axes.
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XLS

YLS

ZLS

along the landing site radius vector

along the direction which forms a right-handed system with
XLSand ZLS

along the vector formed by the cross product of the CSMangu-
lar momentumwith the radius vector of the landing site

5.0 TRAJECTORYERRORANALYSISTECHNIQUE

The following two sections describe the general Monte Carlo error
analysis technique and its specific use in AGAST.

5.1 Statistical Trials Technique

Before a mission is flown, it is desirable to know the statistical
characteristics of certain important trajectory parameters, for example,
the covariance matrix of state vector uncertainties at somepoint in a
rendezvous mission plan. The classical way to determine statistical
information about an occurrence (or event) subject to random perturbation
is to perform that event enoughtimes experimentally to develop suffi-
cient empirical data on its behavior. Obviously, that method is not
appropriate for trajectory error analysis. Another method that can be
used is that of statistical trials, in which the basic idea is substi-
tution of a mathematical model for experimentation. That method requires
a mathematical model of the occurrence under investigation (such as the
flight of a spacecraft) and a model of the randomperturbations that
affect the occurrence. The computational procedure of the statistical
trials method of error analysis it to perform the computations which
model the occurrence (with the randomperturbations) enough times to
generate sufficient data to determine its statistical characteristics.
Each time that those computations which model the event are made, a
mathematical model of the perturbations introduces into the computations
randomvalues for the perturbations. There are standard formulations
used to determine the numberof times that a model must be cycled to
produce a given confidence level in the validity of the computation of
statistical characteristics based on the sample results (ref. I).

Wheneverthe occurrence to be investigated is the trajectory of a
spacecraft, it is desirable to determine the statistical characteristics
of the trajectory when subject to specified perturbations with random
distributions. For example, it maybe desired to randomly perturb
spacecraft engine performance and to determine the effects upon the
trajectory. Each perturbed trajectory produced by the model is referred
to as a sample actual trajectory. Whenevera mission is really flown,
estimates of the actual trajectory are maintained in onboard and ground
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computers. A trajectory error analysis model also may simulate t_
computation of such estimates for each sample actual trajec _ory pr_,duced.
An est',mate of a sample actual trajectory which simulates t_,e computations
of an onboard or ground computer is referred to as a sample estimated
trajectory.

5.2 AGASTTrajectory Simulation

The way in which the concept of statistical trials is used in AGAST
to perform trajectory error analysis is described in this section. A
nominal or reference trajectory is first produced by AGASTfor both the
LMand CSM;computations of the reference trajectory precedes the genera-
tion of perturbed Monte Carlo sample trajectories. To generate the
nominal trajectory, the events of the input-defined mission plan are
simulated with no navigation or guidance errors introduced into the
computations.

The basic trajectory error analysis schemeof the prograzl is to
simulate for two vehicles an actual trajectory and to simulate esti-
mated trajectories for the onboard and RTCCcomputers. The actual
(environmental) state vectors are initialized as randomdispersions of
the initial reference state vectors. The estimated (onboard and RTCC)
trajectories are dispersions of the actual trajectory. That is, the
program maintains a true trajectory and onboard and RTCCestimates of
that trajectory.

Discrepancies between the actual trajectory and the onboard
estimates are assumedto occur because of error sources which include
onboard integrator inaccuracies, measurementerrors in the onboard
sensors, engine performance discrepancies, and MSFNtracking uncertain-
ties. A pseudorandomnumbergenerator is used in the introduction of
random errors to the simulation of onboard and RTCCcomputations. The
actual state vectors are propagated with an analytic ephemeris predictor
which is assumedto be error free. The estimated state vectors are
propagated with routines which simulate the onboard integrators.

After the program generates the reference trajectory, the computa-
tional sequence is cycled to produce (with error sources randomly
sampled) several simulations of the mission profile. Each simulation
consists of the initialization and maintenance of actual trajectories
and, for each monitored computer, estimated trajectories. Whena given
mission plan is entered as input to the program, one of the input
parameters is an integer N that represents the numberof statistical
trials (simulations) of the mission which the program user desires to
have produced. The program will automatically cycle N times to gen-
erate N sets of actual and estimated trajectories for the mission
plan defined by the input event packages. Becausethe error sources
are randomly sampled, no trajectory in the set of N simulations will
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be duplicated. A summaryof the trajectories produced by AGASTis as
follows.

a. A reference mission trajectory XR is produced for both vehicles.

b. For each Monte Carlo cycle, an actual mission trajectory XA
is computedfor both vehicles.

c. For each Monte Carlo cycle, an estimated mission trajectory
XE is computedfor both vehicles for each monitored computer.

The collection of actual and estimated trajectories produced is
then processed to determine its statistical characteristics. Included
in the statistical analysis are someof the burn parameters of the
maneuvers. That is, after the required number of Monte Carlo simula-
tions are produced, the statistical characteristics of the trajectory
dispersions and the dispersions of maneuverparameters are computed.
The statistics include maneuverAVmeansand standard deviations;
covariance matrices that represent uncertainties in state vectors also
are produced.

f



]-3

II-

INITIALIZING INPUT

1. INITIAL REFERENCE STATE VECTORS
2. INITIAL COVARIANCE MATRICES FOR ACTUAL STATE VECTORS
3. INITIAL DEVIATIONS OF ESTIMATED STATE VECTORS
4. HARDWARE PERFORMANCE STANDARD DEVIATIONS

_y PERFORM

ES_ STATISTICAL

=- PROCESSING AND
OUTPUT RESULTS

NO

I 1 G= ERROR SOURCES =

YES

I SAMPLE HARDWARE ERROR SOURCES; I.E.,INITIALIZE I

i

PLATFORM ERRORS, ETC. I

i INITIALIZE "ACTUAL" STATE VECTORS FOR BOTH VEHICLES

EITHER BY SAMPLING COVARIANCE MATRICES OR BY
USING FIXED INITIAL (INPUT) DEVIATIONS FROM THE
INITIAL REFERENCE STATES

INITIALIZE "ESTIMATED" STATE VECTORS FOR BOTH VEHICLES IN
THE MONITORED COMPUTERS EITHER BY SETTING THE ESTIMATED
STATES TO EQUAL THE ACTUAL STATES OR BY USING FIXED
INITIAL (INPUT) DEVIATIONS FROM THE INITIAL ACTUAL STATES

Figure 1 .- AGAST schematic flow chart.
Page i of 2
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I

I

I
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Figure 1.- Concluded. Page 2 of 2
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6.0 PROGRAM CAPABILITIES

The capabilities and options of AGAST are presented in this section.

Subroutine names are capitalized. Further information is presented in

the se-tion on methods, in the individual routine descript_-ms, and in

the user's manual (ref. 5). The reader is referred to section 3.2 of

this document for definition of symbols used in the following discussion.

6.1 Computer Monitoring

The program user may have the program monitor any combination of

CMC, PGNCS, AGS, and RTCC computers. When a computer is monitored,

AGAST simulates the computations of that computer and maintains estimated
state vectors for it.

An option exists in AGAST to have the AGS monitor a PGNCS controlled

burn and vice versa. When one LM computer monitors a burn controlled by

the other, the first computer accepts accelerometer sensed AV increments

and accordingly integrates its estimate of the 124 state vector.

• p

6.2 Error Sources Modeled

Discrepancies arise between the reference and actual trajectories

and the actual and estimated trajectories because of the following error

sources.

a. Onboard integrator inaccuracies

b. MSFN tracking uncertainties

c. Platform misalinement and drift

d. Accelerometer misalinement, bias, and scale factors

e. Rendezvous radar noise and bias on range, range rate, shaft,

and trunnion measurements

f. Sextant noise and bias on the angle measurements

g. VHF ranger noise and bias on range measurement

h. Engine thrust profile discrepancies

i. Thrust misalinement
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The introduction of these error sources into the computations is described

in the section on methods used and in the subroutine descriptions in the

appendix.

6.3 Integrators and Central Body Options

The user may specify that either the earth potential model or lunar

potential model be used. This capability permits error analyses to be

performed for earth rendezvous missions and for lunar rendezvous missions.

The program maintains an actual trajectory, denoted by XA, for both

the LM and the CSM. Propagation of the actual trajectory during coasting

flight is achieved by an analytic ephemeris predictor (AEG) and during

powered flight by a modified average-g integrator (RUNGA). The pertur-

bation models of the AEG and the powered flight integrator have more

terms than the corresponding onboard integrators. Numerical values of

the perturbation constants used in the reference integrators are period-

ically updated to correspond to the findings of the most recent potential

studies.

The CMC and PGNCS estimates of the LM and CSM state vectors are

propagated during coasting flight by the onboard coasting integrator

(ENCKE). The onboard coasting integrator does not model atmospheric

drag in near-earth orbits. Powered flight state vector integration is

accomplished in those computers by the onboard average-g integrator

(AVEG). A nonperturbed central body potential model is used in the AGS

computer for both coasting and powered flight integration of AGS

estimated state vectors. The AGS coasting integrator and powered flight

integrator as modeled in AGAST are, respectively, AGSKEP and AGSAG.

6.4 Program Initialization

Initialization of AGAST is accomplished by specification of the

following.

aQ

b.

C.

d.

by XR

Computers to be monitored (i.e., CMC, PGNCS, AGS, RTCC)

Appropriate central body (earth or moon)

Desired number of Monte Carlo trajectory simulations

Initial reference state vectors for the CSM and LM, denoted

f
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e. Engine characteristics

f. Numerical hardware error models

Several options exist in the initialization process. Numerical models

of the Apollo hardware performance are programed into AGAST, but the

program user may specify changes to any of those models. The prestored

constants are listed in the appendix as defined in reference 6 and include
the following.

a. Nominal engine thrust profiles

b. Nominal lunar landmarks for optical tracking

c. One-sigma engine performance discrepancies

d. One-sigma platform and accelerometer errors

e. One-sigma RR, SXT, VHF, and SCT measurement errors

Each time that the program is cycled by the Monte Carlo logic, all the

random Gaussian errors are reinitia!ized_ the model is res_mpled.

The initial dispersions of the actual state vectors XA are also

reinitialized for each Monte Carlo cycle. The initial actual state

vectors may be initialized as follows.

a. For either vehicle, XA may be defined as a random dispersion

6XA from XR computed by sampling an input covariance matrix of actual

state vector uncertainties, denoted by _A"

b. For either vehicle,

fied deviation 6XA from XR.

have XA = XR .

XA may be defined by input to be a speci-

In this way, the user may, if he wishes,

The initial estimated state vectors XE for any monitored computer are

always initialized to be a specified (input) deviation from XA. There

exists no option to obtain the initial estimated states by the process

of sampling a tracking covariance matrix because that capability exists

as a mission event option (MSFN update). That is, if a user wishes to
model MSFN tracking uncertainties, he may specify the first mission event

to___be a MSFN update and enter as input a matrix of tracking uncertainties,

L_ T. This method is the one most often used.
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The covariance matrix_A represents uncertainties of the dispersions

of the initial actual state vector from the initial nominal XR. For

instance, _A may represent the uncertainties of launching the LM into

a nominal lunar orbit from the lunar surface.

The initialization of XA (for one vehicle) from a covariance

matrix of uncertainties about XR is presented in figure 2. Also

presented is the subsequent modeling of the MSFN determination of the

estimated state XE. The sequential process followed by AGAST which is

schematized in figure 2 is as follows.

a. XR is defined by input

b. _A is defined by input

c. 6XA is computed as a random sampling of _A

dr XA= + aXA

e. Input specifies a MSFN update mission event:

f. aXE is computed as a random sampling of _T"

S T is input.

g. XE = XA + aXE

f
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X E X R

Center of planet
X R = Initial input

XA = X R + BXA

X E = XA + aX E

Figure 2.-Initialization of AGAST state vectors.
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6.5 Maneuver Computations

The discussion of maneuver computations in AGAST is divided into

a section on maneuver simulation and a section on special targeting

computations for comparative studies. The associated logic is presented

in more detail in the flow charts of AGAST subroutines MANEt_ and TARGET.

6.5.1 Maneuver simulation.- A variety of options exist in AGAST for

the computation of maneuver targeting and for simulation of guidance.

One of those options is that the numerical thrust model of any engine

may be changed at any point in the simulation of the mission plan. The

program user may use one of the following options on any maneuver event

which he schedules.

a. Targeting is computed, but the AV is not applied to the state

vector.

b. The targeted AV is impulsively applied to the state vector

(with no maneuver execution errors modeled).

c. The burn is controlled by onboard guidance equations

i. With system errors not modeled

2. With system errors modeled

The following lists present all the maneuver events which may be

simulated in AGAST.

a. Target AV: updates the CSM(LM) state in the PGNCS (CMC) by

impulsive simulation of a maneuver which has been performed by the

CSM(LM)

b.

c. S01:

d. SOM:

e. SOR:

f. CSI:

g. CDH:

h. TPI:

i. TPM:

External AV guidance

stable orbit initiation

stable orbit midcourse

stable orbit rendezvous

coelliptic sequence initiation

constant delta height

terminal phase initiation

terminal phase midcourse

I
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¥

k.

i. TPF:

m. NCC:

n. NSR:

o. NCI

P. NH

q.

r.

S.

t.

U.

V.

Direct intercept

Direct transfer to input target

braking

corrective combination

coelliptization

DKI phasing maneuver

height maneuver

Staging

Plane change

DOI: descent orbit injection

Descent: powered descent to the lunar surface

Ascent: powered ascent into lunar orbit

Abort:abort from a powered descent to a powered ascent into

lunar orbit

The following list is a summary of the capabilities of the AGAST

models of the different computers.

a. The RTCC model can generate targeting for any maneuver in the

above list.

b. The PGNCS can handle all the computations indicated by the

above list except for DOI and the ground (RTCC) computed maneuver

sequences that involve NCC, NSR, NCI, and NH.

c. The CMC can perform all the maneuver computations except D01,

lunar descent, lunar ascent, and ground computed maneuvers NCC, NSR,

NCI, and NH.

d. AGAST currently has AGS capability only for CSI, CDH, TPI, TPM,

and external AV guidance, ascent guidance, and abort guidance.

6.5.2 Special maneuver targetin5 computations.- Often it is de-

sirable to determine for a given maneuver the targeting parameters
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which the different computers will produce. Such information is useful
in analyzing and setting up computational procedures for the mission
plan under study.

For a given maneuver, AGASThas the capability to generate targeting
based on the estimated states of any or all of the four computers (with
the computer restrictions noted in section 6.5.1) and also to compute
the targeting based on the actual state vectors. Subsequentto those
computations, AGASTwill produce the following.

a. Targeting discrepancies between the different computers

b. Targeting discrepancies between the solution based on the actual
state vectors and the solutions based on the estimated states of the com-
puters

The burn simulation is controlled by the targeting computedfor the con-
trolling computer.

Becausethe different computers will produce different maneuver
times for somemaneuvers, the targeting based on the actual states is
computedfor each of those different times. The program user may com-
mandAGASTto compute the following solutions for any given maneuver in
a mission.

a. The CMCAV solution at CMCpredicted maneuvertime: CMC/CMC

b. ThePGNCSAV solution at PGNCSpredicted maneuvertime: PGNCS/
PGNCS

c. The AGSAV solution at AGSpredicted maneuvertime: AGS/AGS

d. TheRTCCAV solution at RTCCpredicted maneuvertime: RTCC/RTCC

e. The AV solution based on the actual state vectors but computed
at the CMCpredicted maneuvertime: ACT/CMC

f. The AV solution based on the actual state vectors but computed
at the PGNCSpredicted maneuvertime: ACT/PGNCS

g. The AV solution based on the actual state vectors but computed
at the AGSpredicted maneuvertime: ACT/AGS

h. The AV solution based on the actual state vectors and computed
at the predicted maneuvertime based also on the actual state vectors:
ACT/ACT

J
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O

Coincident with the computation of special maneuver ta_eting is

the generation of the resultant target differences. Dependiug upon

which targeting solutions are computed, some or all of the following

AV target differences are formed by AGAST, and their statistical charac-

teristics are produced.

a,

b

C

d

e

f

g

h

i

J

CMC/CMC - ACT/CMC

PGNCS/PGNCS - ACT/PGNCS

AQS/AGS - ACT/AOS

RTCC/RTCC - ACT/ACT

PGNCS/PGNCS - CMC/CMC

PGNCS/PGNCS - AGS/AGS

PGNCS/PGNCS - RTCC/RTCC

RTCC/RTCC - CMC/CMC

RTCC/RTCC - AGS/AGS

CHC/CMC - AOS/AaS

6.6 Platform Alinements

Platform alinements for the CMC and for the PGNCS are simulated by

computation of a platform orientation matrix REFSMMAT for each computer.
The platform orientation matrix is the rotation matrix from the basic

reference coordinate system to the coordinate system of the inertial

platform. The REFSMMAT matrix is used in many onboard computations;

for instance, during a burn the sensed AV increments are measured in the

coordinate system of the inertial platform but must be transformed into

the basic reference coordinate system which the guidance uses. In AGAST,

the computation of the REFSMMAT at a given time in the mission is an

implicit definition of a platform alinement. The REFSMMAT may be com-

puted for the following types of alinement.

a. Nominal alinement is defined to be the alining of the platform

gyros to a local vertical coordinate system defined at the alinement time.

b. Preferred maneuver alinement is based on the desired thrust

direction of a given maneuver.
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c. Lunar surface alinement is used during lunar landing and lunar

launch and is based on the radius vector of the landing site.

The specific REFSMMAT formulations associated with those three types of

alinements are detailed in the flow charts of the AGAST subroutines ALIGN,

PMATRX, PALIGN, and LSALGN.

Platform errors are reinitialized with each alinement. The errors

are modeled as initial platform misalinement at the alinement time and

platform gyro drift after alinement. These errors are represented in

AGAST as a coordinate system rotation error in the definition of REFSMMAT.

The associated rotation error matrix is introduced into the guidance

computations and in the incorporation of onboard tracking measurements.

6.7 AGS-to-PGNCS Alinement

One procedure by which the AGS computer is initialized is as follows.

a. Define the AGS reference coordinate system to be that of the

PGNCS inertial platform.

5. Load into the AGS the PGNCS estimated state vectors rotated

into the AGS reference coordinate system.

This procedure is called AGS-to-PGNCS alinement. The AGS may be initia-

lized in AGAST in this manner as a mission event. The required opera-

tions are modeled in subroutine ALIGN, but AGAST AGS computations are

made in the basic reference frame to facilitate comparison of AGS with

the other computers. However, AGS platform errors which are caused by
PGNCS misalinement at the AGS-to-PGNCS alinement time are accounted for.

6.8 State Vector Updates

Several options exist in AGAST for the modeling of updates of the

estimated state vectors maintained in the monitored computers. Updates

during a mission may be accomplished by transferral of state vector in-

formation from one computer to another, by MSFN orbit determinations,

and by the use of onboard tracking devices.

6.8.1 Vehicle-to-vehicle transferral.- The estimated state vectors

of one computer may be used to replace those of one of the other compu-

ters. This mission event models the procedure by which the CMC update

of the PGNCS (or vice versa) is accomplished by the voicing of state
vector information between the two vehicles.

6.8.2 MSFN updates.- MSFN orbit determination and the subsequent

update of the estimated states in the computers are modeled in AGAST by

J
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the method of randomly sampling a covariance matrix of MSFN track!r_g

uncert_inties. Whenever the program user specifies that a aissio_

event is a MSFN update of one of the computers, he must also enter as

to AGAST a matrix of state vector tracking uncertaintiesinput T"

That matrix implicitly correlates the MSFN CSM state vector uncertainties
with %_e MSFN LM state vector uncertainties. Both estimated states in

the specified computer are updated by sampling _T and determining new

estimated states at the mission event time.

The random sampling method is discussed in section 7.1. The up-

date logic which models the MSFN is to be found in AGAST subroutine

REPLAC.

6.8.30nboard tracking.- 0nboard tracking is modeled in AGAST in

two ways.

a. Random sampling of an input onboard tracking covariance matrix

b. Explicit modeling of the onboard Kalman filters and the associated

navigation equations

Updat@s for both CSM and LM tracking devices can be simulated.

A rendezvous radar (RR) is attached to the LM. The RR measures

the range and range rate between the LM and CSM by the pulsing of signals

to a beacon on the CSM and the sensing of the pulse returned by that

beacon. Also measured are the radar disk shaft and trunnion angles

which relate the line-of-sight direction and the LM body attitude. The

PGNCS is interfaced with the RR; and when the PGNCS is in the tracking

incorporation mode, it samples the output of the RR approximately once

a minute. The PGNCS uses a modified Kalman filter to incorporate the

tracking parameters into the estimate of the state vector of either the
CSM or the LM.

The AGS computer may accept range and range rate information

manually keyed into the computer by a crewman. The crewman may read the

RR tracking data from a display. The AGS RR filter incorporates the

tracking data into the LM state vector estimate.

Two optical tracking devices are part of the equipment of the CSM.

One of the instruments is a sextant (SXT), and the other is called a

scanning telescope (SCT). Also attached to the CSM is a VHF ranger, a

device used to measure the range between the CSM and LM. The SXT and

VHF tracking data are passed through the same filter. In this document,

the symbol SXT will refer to both SXT and VHF tracking.
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These CSM optical instruments may be directed by a crewman toward

either the LM or a lunar landmark. When the operator depresses the MARK

button on a CSM console, the time and measured line-of-sight angles are

stored in the CMC. When the VHF range measuring device is being used,

the measured relative range is automatically stored in the CMC, and that

computer picks up the VHF output approximately once a minute. Through

the use of a modified Kalman filter, the measured relative information

is incorporated into the CMC estimate of the CSM state vector if the CMC

is in the lunar landmark tracking mode or either the CSM or LM estimated

state if the CMC is in the LM tracking mode.

6.8.3.1 Covariance matrix modeling of onboard tracking: Except

for lunar landmark tracking, the effect of the state vector updates

accomplished with the onboard tracking devices and filters is to reduce

the errors in the estimated relative state between the two vehicles. The

onboard computer logic which handles such updates is based on the assump-
tion that the estimate of one of the vehicles' state vector is error free.

Both RR tracking of the CSM and SXT tracking of the LM can be modeled in

AGAST by the sampling of a corresponding covariance matrix Of tracking

uncertainties _REL for the relative state vector. In that way, a

random estimate of the relative state vector is formed; and, in turn, an

estimate of one of the vehicles' state vector is made. That method of

modeling entails no explicit use of onboard filters. The input matrix

must be generated external to AGAST. The relevant AGAST logic
REL

is in subroutine REPLAC, and the details of the formulation are presented

in section 7.4.

6.8.9.2 Exp!icit modeling of onboard tracking: The Kalman filters

for CMC incorporation of SXT and SCT data, for PGNCS incorporation of

RR data, and for AGS incorporation of RR data are programed into AGAST.

The program user may specify any number of tracking events for a mission.

The program will simulate the operation of the tracking devices by the

production of tracking data for each mark followed by the performance of

the computations of the filter and subsequent updates of one of the esti-

mated state vectors. The AGAST subroutines UPDATV and AGSRR are the

program entry points for tracking logic and formulation.

7.0 METHODS AND FORMULATIONS
8

Detailed discussions of some of the more important modeling methods

and formulations used in AGAST are presented in this section. Much of

the formulation used in AGAST originated in the referenced documents and

is adequately discussed in those reports.
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7.1 Random Sampling Technique

_'he modeling method of statistical trials is based upon the tech-

nique of generation of random dispersions for certain par_neters consi-

dered to have random distributions. All AGAST parameters _:ith random

dispersions are assumed to h_ve normal (Gaussian) distributions.

Several references have been made in the preceding text to the pro-

cess of sampling error sources. For example, each time that the program

is cycled, a new set of initial state vector dispersions are generated

by randomly sampling a covariance matrix of the uncertainties of the

state vector. An explanation of that process will be presented in this
section.

To validly perform the generation of dispersions for a given random

variable, the following are required.

a. An input set that defines the statistical properties Of the

variable, that is, the variance for a scalar variable or the covariance

matrix for a vector variable

b. A random number generator

There exist standard computer routines for the generation of random

numbers. AGAST uses a UNIVAC 1108 math-pack routine RANDN which produces

random arrays for which the components have a mean of zero and a variance

of i. The use of RANDN is discussed in the description of AGAST subrou-

tine RANNO. In the following discussion, assume that the normalized

random vector _ is generated by a random number generator such as RANDN.

Consider the random vector _ to be a normalization of the random

vector 6_. That is, assume 6x = C_ where C is an n x n constant

matrix that relates 6_ to _. The problem is to determine the multi-

plier C.

By definition,

E-= E [[ • _T] = I (l)

where E is the statistical expectation operator.
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Also, note that

_E = m [6_ • (6E) m] (2)

If 6x is set equal to C_ and is substituted into equation (2),

equation (3) results.

_6_ = s [c_ • (c{) T]

= E [C[ " [TcT]

-T '2
=C- S[5" q ] • C

=C • CT
(3)

Therefore, the matrix C is a factor in a decomposition of '_6_"

However, the decomposition CC T of a square matrix is not unique.

Assume that C will be lower left triangular and therefore unique.

Let _ij and cij represent, respectively, the element of _ 6_

and C in the ith row and jth column.

follows.

C • cT:

The matrix can be written as

C_I CLIC21 CllCnl

C21CII C__I + C_2 C21Cnl + C22Cn2

CnlCll CnlC21 + CnlC22 _ C2nk

_ k=l

f
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CC T
When the elements of _x and

solved for, equation (4) results.

are equated and when ,.. is
13

where j > i.

C..

ii

CII =

i-ioii - _ Cik
k=l

i-i

oj i - _ Cjk=l kCik

C. °

iI

where j < i.

Compute the matrix C when 2_J_7 is given as input and by use

of the algorithm indicated by the abov_ formulation. Each time that it

is desired to sample the matrix _, it will only be necessary to

generate an n-dimensional array of random numbers symbolized by _ and

then set the random dispersion 6_ to be C_.

Note that when the variable x is a scalar the multiplier C also

reduces to a scalar. The sampling technique described above is used in

AGAST to produce dispersions for all variables x which are subject to

random variation 6x. Variables which are dispersed randomly include

state vectors, platform alinements, engine parameters, and onboard track-

ing measurements. Sampling of covariance matrices is performed in sub-

routine SAMPLE.

7.2 Maneuver Execution Error Model

Nonnominal execution of maneuvers is modeled in AGAST in three ways.

a. Nonnominal engine performance (thrust levels, etc.)
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b. Introduction of platform and accelerometer errors into the com-
putation of guidance commandsand the simulation of sensed AT

c. At the end of a burn, approximation of the burn error caused by
an initial thrust pointing discrepancy

Nonnominal engine performance is simulated by dispersion of the thrust
profile from the nominal. Thrust dispersions are generated in each thrust
phase either as a percentage of the nominal thrust magnitude for that
phase or by randomly sampling the standard deviation of the thrust mag-
nitude for that phase.

7.2.1 Platform and accelero_eter error models for CMC and LGC

maneuver simulation.- The guidance logic and equations used by_subroutime

MANEUV (fig. B-55) generate either a desired thrust direction UTD or a

desired thrust vector turning rate wD in basic reference coordinates.

Those cormmands are transformed into IMU coordinates and then into body

referenced coordinates. The digital autopilot (DAP) accepts the steering

commands in body referenced coordinates and attempts to execute them.

Because the inertial platform's alinement is not perfect, the transforma-

tion matrix REFSMMAT is in error by the amount of rotation of the plat-

form from its desired orientation. Therefore, the transformation of

basic reference frame guidance commands with REFSMMAT does not produce

the correct transformation to the true orientation of the platform so

that the steering commands which the DAP receives do not have the correct

orientation. The error in the steering commands is modeled in AGAST by

determination of the true orientation of the platform and subsequent

determination of the basic reference orientation of the guidance command

executed by the DAP.

AGAST does not contain a model of the DAP. When the guidance com-

mand is UTD , the burn simulator (RUNGA) generates a turning rate vector

similar to _D which rotates the thrust direction at a constant rate

from the old thrust direction to the new UTD. Whether the thrust command

is generated as UTD or _D' the turning rate is limited to be less than

or equal to i0 deg/sec. Both _TD and _D are rotated to reflect the

REFSMMAT error before they are processed by RUNGA.

The object of the platform error model is to apply the effects of

the platform errors to an output of the guidance equations in such a way

that the burn simulation will reflect the true reaction of the steering

system. Both the guidance equations and the burn simulator compute in

basic reference coordinates. Therefore, the error model formulation must

convert the guidance command into IMU coordinates, apply the platform

m
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errors, and then reconvert to basic reference coordinates. "!he pl tform
errors _<onsist of initial misalinement in each of the three _yros at the
alinement time and of gyro drift since alinement time. At alinement time,
the platform errors are determined either by setting them to input speci-
fications or by sampling the numerical model of platform statistics. The
platfor_ errors are the three rotation angles that define p]_tform mis-
alinement about the three axes of the REFSMMATcoordinate system. Let
[P(t)] represent the platform error matrix at the time t, and let IT]
represent the REFSMMATmatrix. Then if UTD or _ODis produced as

output from the guidance equations, the values UTA and _A are entered
as input to the burn simulator, where

_TA = [T]-I " [P(t)] • [T] • UTD (5)

_A = [T]'I " [P(t)] " [T] • _D . (6)

@

The burn simulator accepts the guidance command and performs the burn

computations which include the following.

a. The A_ added during the guidance

b. New thrust direction (in basic reference frame) at the end of

the guidance cycle

c. Integration of the actual trajectory to the end of the guidance

cycle

The A9 output from the burn simulator is considered to be the actual

and is symbolized by A_A; the value of _TA is updated in the burn

simulator and represents the new actual thrust direction.

In actual flight, the accelerometers attached to the platform sense

the burn and feed to the computer the measured incremental velocity.

The measured A_ is transformed from IMU coordinates to basic reference

coordinates and is used in the onboard average-g state vector integrator

to integrate the estimated state vector forward one guidance cycle.

The AGAST modeling of accelerometer and platform errors on the measured

A_ fed to the onboard computer is as follows.

AVE = [T]-I _ [S] • [B]-[P(t)]- [T]. A_A + A_B I (7)

Integration of XE is performed in AVEG, which accepts AVE as an input.
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The new thrust direction UTA which is produced as output from the
burn simulator is also perturbed with platform errors before being passed
on to the guidance equation.

u T = [T] -I • [P(t)] • [T] • _TA (8)

where _T is the AGAST representation of the onboard estimate of the

new thrust direction.

7.2.2 Platform and accelerometer error models for AC_ maneuver

simulation.- The AGS error models differ in formulation from those of

the PGNCS because the AGS reference frame is defined to be the orienta-

tion of the PGNCS platform at the time of AGS-to-PGNCS alinement. There-

fore, PGNCS platform errors at the time of AGS alinement affect the AGS

guidance computations. For an AGS controlled burn, the thrust vector
sent to the burn simulator in AGAST is

%A = [T]-I [A(t)]-I [PA (t)] [A(t)] [PT ] [T] • UTD (9)

where _TD is generated in basic reference coordinates and [A(t)] d

relates the AGS strapped down platform to the AGS reference computing

frame (not used in AGAST). The burn simulator routine RUNGA outputs a

new %A at the end of the 2-second guidance cycle, and the new estimated

thrust vector passed on to the AGS guidance equations is

5 T = [T] -I • [A(t)] -i • [PA(t)] • [A(t)] • [PT ] • [T] • %A (i0)

The actual incremental velocity of a guidance cycle AVA is output

from RUNGA. Formulation in AGAST for computation of the incremental

velocity sensed by the AGS accelerometer over a guidance cycle is as

follows.

&_M = [SA] " [BA] [PA (t)] [A(t)] [PT ] • [T] • A_ A (ii)

O

AY E = [T] -I • [A(t)] -1 A[M (12)

The value AVE is used by the AGS average-g integrator AGSAG to advance

the AGS estimated LM state one guidance cycle.
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7.2.3 Pointing error model and burn trim.- The effec s of _.rust

pointing errors, accelerometer quantization, or manual maneuver cutoff

errors are accounted for in AGAST subroutine TRIM by the introduction of

random velocity perturbations into the states at burn cutoff. Thrust

pointing error is caused by insufficient knowledge in the onboard

guidance computer of the spacecraft center of gravity. During attempts

to correct for the center of gravity error, the guidance computer intro-

duces cross-axis errors into the burn. Cross-axis errors are in the

plane normal to the thrust direction. The pointing error velocity is

simulated in AGAST when a normal distribution is assumed for the error

and a random sampling is used based upon a standard deviation value taken

from the cross-axis velocity curves in reference 6.

RCS burns are manually controlled, and for such maneuvers, the

vehicle usually is placed in an attitude which places the desired A_

along one of the body thrusting axes. Because no steering is involved

in RCS burns, pointing errors are not considered. The RCS burn error

considered in AGAST is based on the crewman's inability to release the

throttle at exactly the proper time. A random velocity error is computed
in the direction of the thrust to account for RCS cutoff error.

Quantization error results because the accelerometers measure AT

applied during a burn as an integral number of PIPA pulses so that

some partial pulse is applied but not included in the accelerometer read-

out. AGAST accounts for this effect by addition to the actual state of

random AV which is uniformly distributed over the quantization interval
of the accelerometer.

The use in AGAST of the pointing error A_p and the manual cutoff

error AVco depends upon the trim option desired. If no trim is desired,

then A_p and A_CO must be added to the actual and estimated states

to account for the errors that would result in a burn with no trim. For

a burn which is to be trimmed, AGAST does not model pointing errors or

manual cutoff errors; that is, it is assumed that those errors will be

taken out by trimming the residuals. Trims are simulated by impulsive

applications to both the actual and estimated states of part or all of

the V G residual that results from guidance errors. If the program

user specifies the perfect trim option, then the trim AT applied is

equal to the VG residual; otherwise, the residual in each axis is

trimmed to a preset value.
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7.3 Onboard Tracking Error Models

The onboard tracking devices are subject to bias and noise errors

in their measurements. Numerical models of the bias and noise are

programed into AGAST. Each time that the program starts another Monte

Carlo cycle of a given mission plan, all biases are fixed by randomly

sampling the numerical models. For example, there is a standard devia-

tion value stored in AGAST for the bias in the RR measurement of the

dish shaft angle. AGAST simulates that bias by randomly sampling that

standard deviation each new cycle of the program. Other biases are

similarly modeled.

For each mark of an onboard tracking schedule, the tracking logic

of AGAST simulates the measured parameters as follows.

Measured = Actual + Bias + Noise

The measured relative range, range rate, shaft and trunnion angles are

computed as follows.

RM = RA + 6R + o ) • nI
NR

(13)

RM = RA + 5R + ON.) " _2
R

(14)

BM = 8A + 6_ + aN B) " _3
(15)

eM = %A + 6g + (aNe) • n4
(16)

where the 6-values are the biases, the aN-Values are the standard devia-

tions of the noise, and the n i are normalized random numbers which are

generated for each mark. Similarly, the optical and VHF data measured

onboard the CSM are simulated by computation of the actual parameters

and addition of bias and noise values. For the SXT and SCT, the AGAST

error model takes the form of rotation bias and noise in the unit vector

along the measured line of sight. The VHF relative range measurement

is formulated exactly as that for the RR. The standard deviation values

for RR and VHF measurement bias and noise are functions of the range

(ref. 6). These standard deviation functions are modeled in the pro-

gramed tracking logic.

s
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7.4 Covariance Matrix of 0nboard Tracking Uncertainties

As previously explained, AGAST may model the effects ¢f onboard

vehicle-to-vehicle tracking by sampling an input matrix of relative state

vector uncertainties. The assumptions and logic formulations of that

option are presented in this section.

The vehicle-to-vehicle onboard tracking measurements are of relative

state vector parameters. For the RR, these parameters are range, range

rate, and the radar dish orientation angles shaft and trunnion. The SXT

produces a unit vector directed from the CSM to the LM, and the VHF de-

vice produces range data. The measurement incorporation algorithm up-

dates the estimated state vector of one of the vehicles in such a manner

that the error in the measurement parameters tends to converge to zero.

This method of updating does not account for the fact that the estimated

state vector of the other vehicle may also be in error.

Th@ computation sequence in AGAST which uses a covariance matrix of

relative state vector uncertainties to model onboard tracking is as
follows.

a. Compute AXA in the local vertical coordinate system of XA, J.

b. Define AXE = AXA.

c. AX_E is assumed to be a vector centered at XE, J and is rotated

from the local vertical of XE, J to the basic reference coordinate sys-

tem.

d. Define XE, I = XE, J + AXE .

e. Compute 6XRE L by sampling _REL"

XE,I

f. Rotate _XRE L from the local vertical coordinate system of

to the basic reference frame.

g. Define XE, I =XE, I + 6_E L

When the dispersion 6XRE L is zero, the new estimated relative state
.

vector is AXE, which produces the same relative range, range rate, and

local vertical line-of-sight angles as does AX A. Note that AX E is

the best relative state vector that the onboard tracking may produce;
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that is, the relative state directed from XE, J corresponds in a local

sense to AXA.

The computer logic of this option is formulated in the description

of AGAST subroutine REPLAC. A schematic of the geometrical relationships

of the above computational sequence is presented in figure 3. In this

figure, the angle B is the actual line-of-sight angle from the local

horizontal.

7.5 Computation of Sample Statistics

When a program user defines a mission plan to AGAST, he may specify

that certain events be reference points. Such reference points are

those events of the mission plan for which the program operator desires

to produce sample state vector statistics and sample AV statistics. For

each cycle of the program by the Monte Carlo logic, sample actual state

vectors and sample estimated state vectors of the reference points are

saved on magnetic tape. If the reference point is a maneuver event,

targeting and burn parameters are also stored.

After the requested number of statistical trials of a trajectory

has been computed, AGAST then reads the sample state vectors and maneuver

parameters from the tape and performs statistical processing of that

sample data. For each reference point, the AGAST statistical processing

logic computes the array of dispersions of the sample actual state vec-

tors from the corresponding nominal state vector at that point. Also

computed is the array of dispersions of sample estimated state vectors

from the corresponding sample actual state vectors. These arrays of

dispersions are processed by the logic of subroutine PROCES. The

following statistics are produced.

a. Sample means and sample standard deviations for the total AV

required to fly the mission plan

b. Cumulative distribution of dispersions to the nominal total

AV required

c. Sample means and sample standard deviations for the components
m_

of the AV targeting solutions for the maneuver events

d. Sample means and sample covariance matrices for state vector

dispersions

The specific logic used and parametric output are discussed in detail

in the description of subroutine PROCES. The formulation by which
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Figure 3.- Using relative state vector covariance matrix to simulate onboard tracking.
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AGAST computes sample statistics is presented below and is based on

derivations in reference 7.

If the following symbols are defined as shown,

a random vector

an array of random samples of X

C

mean of X

standard deviation of IXI

covariance matrix of X

then the formulation used in AGAST is

N
• i

i=l

(17)

o = i x2._ ! x
i=l l N i=l

:

18)

(19)
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APPENDIX A

DESCRIPTIONS OF THE SUBROUTINES OF AGAST
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APPENDIXA
a

DESCRIPTIONS OF THE SUBROUTINES OF AGAST

O

O

AEG (Analytic Ephemeris Generator)

Purpose: To propagate analytically state vectors to a specified time

Called by: AFLPN, AGSRR, AMAIN, BUTTON, CFAEG5, COEDH, COMDKI, DELTAV,

ENCKE, FILTER, INPUT, JOCDH, LOPC, MANEUV, ONR, PCA, PMISS, PROPAG,

REPLAC, RTCCSI, TARGET, TAUAL, TCONE, TILL, TIMAL, TIMFAL, TPASS,

UPDATV

Input: ELE, CART, SPHERE, TSEC, KREF, LI, L2, KORIN, KGROUT, ISET,

IWRAP, K I

Output: ELE, CART, SPHERE

Comments: Subroutine AEG in AGAST is a driver which advances state

vectors by use of the earth analytic ephemeris generator (ref. 8)

or the lunar analytic ephemeris generator (ref. 9). The KRE F

flag indicates whether the earth or lunar potential is to be used.

AFLPN (Ascent Flight Plan Routine)

Purpose: To compute the desired lift-off time, the ascent targets, and

the inertial position and velocity of the actual and estimated

landing sites at lift-off time

Called by: AMAIN, INPUT2

Input: HA, Hp, OINS, LSA' LSE' ZLSA' ZLSE' 6XLSA' _XLsE' CD' TEVENT

Output: XA, X E, TLO, RDD, VR, VH

asymbols used in this appendix are defined in appendix C.
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AGS(Abort Guidance System)

Purpose: To simulate the onboard AGSguidance routines

Called by: MANEUV,TARGET

Input: Seemaneuverinput defined in reference 5

Output: Either maneuver targets, if used by TARGETfor targeting, or
thrust direction and magnitude, if used by MANEUVfor guidance

Comments: See sections 6.3.7 and 7.19 to 7.30 of reference 4

AGSAG

Purpose: To simulate 2-second integration step of the AGSaverage-g
method of propagation of LM state (either powered or coasting
flight)

Called by: AGSKEP,MANEUV

Input: [(t), _(t), _v

Output: r(t+2), _(t+2)

Comments: Seesections 6.3.4 and 7.13 of reference 4

AGSKEP

Purpose: To propagate AGSLMand CSMstate vectors during coasting
flight

Called by: FILTER, MANEUV,PROPAG,TARGET

Input :

Output :

r(t), v(t), r (t), v (t), At
c c

r(t+At), v(t+At), r (t+At), v
c c

(t + At)

4
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AGSRR

Purpose_ To simulate AGS rendezvous radar tracking and updating of
AGS LM state vector

Called by: AMAIN

Comments: Present program uses G-mission tracking schedule

ALDENS

Purpose :

Called by :

Comment s :

To compute atmospheric density for use in subroutine DRAG

DRAG

See reference 8

ALIGN

Pnr_pose: To compute the REFSMMAT [T] for the desired alinement and

initialize the platform errors associated with the alinement

Called by: AMAIN

Input: TEVEN T, LEN, ICO M, IVEH, IpE ,alinement option flag

Output: [T]

Comments: See references 2 and 3 for a discussion of the different

types of IMU alinement

AMAIN

Purpose: This routine is the main driver for the AGAST program

Comments: The logic of AMAIN calls the imput routines_ the routines

which initialize the state vectors for the monitored computers,

and the routines which simulate the mission events. The Monte

Carlo loop is controlled from the main program. State vectors and
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other pertinent data for the reference points are written on tape

unit 13 by AMAIN. When the Monte Carlo simulation is complete,

AMAIN calls up the statistical processor PROCES to generate

sample means, standard deviations, and covariance matrices for state

vectors and maneuver parameters of the reference points.

AMATRX

Purpose: To compute [A], the rotation matrix from the Besselian

reference system to Greenwich true of date coordinates

Called by: INPUT

Input: BYEAR , BMONTH, BDA Y

Output: [A]

Comments: The subroutine first computes the Julian date of the nearest

Besselian year as described in reference i0; then subroutines

MANGLE, NUTE, and PRESS are used to compute the data needed to

obtain [A].

ANOM

Purpose: To compute mean anomaly from true anomaly

Called by: AEG, CONVRT

Input: e, 0

Output: M

APSIDE q

Purpose: To compute the apocynthion and pericynthion radii and the

eccentricity of an orbit defined by input

Called by: CFP

Input: RI' _i
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Output" RA, Rp, e

CommenLs: See section 5.5.14 of reference 3

ASCENT

Purpose: On each guidance cycle, to update the thrust direction which

will insert the LM into the d_sired orbit. This program is used

for ascent from the lunar surface or for aborts from powered
descent.

Called by: MANEUV

Input: XE, ATTo, X A, ATM, m, VE' RDD' YDD' XDD' IFPC' IFLUP

Output: _T' TGO' AVG

Comments: This subroutine is an engineering simulation of the logic

described in section 5.3.5 of reference 3

AVEG (Onboard Powered Flight Integrator)

P

Purpose: To propagate estimated state during powered flight

Called by: MANEUV

Input: R(T), V(T), AT

Output: R(T+AT), V(T+AT)

Comments: See section 5.3.2 of reference 3

AVGOBL

Purpose: To compute the gravity vectors used by subroutine AVEG

Called by: AVEG, MANEUV

Input:
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Output : g' gb

Comments: See section 5.3.2 of reference 3

BUTTON

Purpose: To control logic for the targeting computations for the NCC

and NSR maneuvers

Called by: TARGET

Comments: See reference ii for a discussion of the logic of BUTTON

CATIME

Purpose: Driver logic for the computation of a table of times of CSM

closest approach to the landmarks to be tracked

Called by : UPDATV

NLM

Input: NLM' (¢i' _i)i=l

Output: NTOTAL, TTR K - Table

CBA

Purpose: To compute the accelerometer misalinement matrix for the

indicated computer

Called by: ALIGN

Input: ICOM, accelerometer s'array

Output: [B] for the indicated computer

9
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CDFUNC

O

Purpose. To compute a cumulative distribution function tabi_ for a

sample array of a random variable (such as total fuel consumed)

Called by: PROCES

}N
Input: K, N, {Xj j=l

Output: {pi}_=l .

Comments: The output array is computed as follows.

PI" = probability that X < Xmi n + i-AX

CFAEG5

Purpose: Logic required to compute conic fit two-impulse rendezvous

solutions based on the analytic ephemeris generator and a Lambert
targeting routine

Called by: BUTTON, TURNUP

Comments: See reference 9

CFP (Concentric Flight Plane Routine)

Purpose: To compute the CSI and CDH maneuvers by use of the onboard

targeting logic

Called by: TARGET

Input for CSI: TCS I, TTp I, EL, NCD H, IVEH; for CDH: TCDH, TTPI, EL,

IVE H

Output: _Vcs I (LV), _VcD H (LV), TCD H

Comments: See programs P32 and P33 described in section 5.4.2 of

reference 3
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COE

Purpose: This routine consists of the coelliptic orbit equations which

compute the orbital parameters of an orbit that is coelliptic to

an input orbit and separated from the input orbit by AHcD H

Called by: SOR

Imput: AHcD H, aj, VV,J, Rj, _j

Output: RI' VI

COEDH

Pnr@ose: To compute the targeting for the NSR maneuver:
and coelliptic orbital elements

Called by: RTCCSI, TARGET

Comments: See reference 13

AV required

COMDKI

Purpose: To use modified CSI/CDH targeting logic to compute DKI

maneuvers for the following four sequences: NcI-NsR ; NcI-NH-NsR ;

NH-NcI-NsR; NH-NsR.

Called by: TARGET

Input: KTARG , ITEV, THcL , ATcL , NI, N2, N3, TNI , TN2, TN3 , LEN , XE,I ,

XE,j' XA, I' XA,J

Output: A_I, AV2, AV3, TNI , TN2 , TN3

Comments: A general discussion of the four maneuver sequences targeted

by COMDKI is presented in reference 14
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COMMPT

6

Put,pose: To load and display the mission plan table

Called by: AMAIN

Input: TEX, AVEx , SAVMAN array

Output: Mission plan table display

o

CONIC

Purpose: To propagate state vectors by use of the universal variable

formulation of Kepler's equation

Called by: CFP, DESCNT, ENCKE, MIDCRS, PRETPI, TRITPM

Comments: Conic is equivalent to the Kepler subroutine of section

5.5.5 of reference 2

CONVRT

B

Purpose: To convert input vectors to a form suitable for use by the
AEG

Called by: INPUT

Input: X, ISE T, ICO N

Output: ELE, CART, SPHERE

COVTAB

Purpose: Initially to store input covariance matrices and subsequently

reset those matrices when commanded by the logic of the program

Called by: INCOV, REPLAC
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Input: ITYPE, KD, ICOV, IROT, Z

Output : Z

CPEM

Purpose: To compute the platform misalinement rotation matrix for the
indicated computer

Called by: AGSRR,ALIGN, MANEUV,PERRO,UPDATV

Input: IC ' TA' e e ez ex' eyx,o' y,o' ,o' ' z

Output: [P(t ) ]

CROSP(0nboard Cross Product Steering Routine)

4

Purpose: To compute the burn TGO and compute the commanded turning

rate for each guidance cycle

Called by: MANEUV

Input: VG' UTA KSTEER' IVEH' A-_' ATTAIL-OFF

Output: UTD' WC' TGO' KSTEER

Comments: Section 5.3.3 of reference 3 contains a discussion of

cross-product guidance

CROSS

Purpose: To cross two input vectors a and b and output the product _.
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DELTAV

Purpose: To perform impulsive simulation of a maneuver

Called by: MANEUV

Input: IpASS, TDV, XE,I, AgLV, LEN, ICOM, XA,I

6

Output: XE,I , XA,I

Comments: This routine is used both to simulate a burn impulsively and

to perform the target AV operations of the onboard computers

DESCNT

Purpose: To update the thrust magnitude and thrust direction every

2 seconds which will guide the LM to a desired landing site.

is the powered descent guidance program.

Called by: MANEUV

Input: XE, W T, Iphase, IT], RLS

This

Output: UT, _GO' PDI, F c, Isp

Comment: This subroutine is an engineering simulation of part of the

logic in section 5.3.4 of reference 3. It does not include a

simulation of the landing radar or of any body oriented displays.

o
DINCPI

Purpose: To compute the navigational Kalman filter parameters and

compute the correction to be made to the state vector

Called by: DMESIP

-2
Input: JD' a , bl' b2' b3' [W]
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Output: a, [Z], [_], [_X]

Comments: This subroutine corresponds to INCORPI as described in
section 5.2.3 of reference 3.

In the DINCPI flow chart of appendix B, the W-matrix is partitioned

as follows, f

Wl i W2 1 w3
--r.-4--o

[W] : W4 i W5| W6

J

DINCP2

O

Purpose: To update the W-matrix

Called by: DMESIP

Input: g2, JD' [Z], [W]

Output: [W]

Comments: This subroutine corresponds to INCORP2 as described in

section 5.2.3 of reference 3.

The W-matrix of the DINCP2 flow chart of appendix B is partitioned

as follows.

[W]=

r
WI W2 W9

WIO WII WI8

19 w20 w272
DMESIP

9

Purpose: Utility routine which calls DINCIPI and DINCP2 to compute the

correction to the state vector and subsequently update the state

vector
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O

Called Ly: ONR, RNR, RR

.Input: LMup' XE,I' XE,2' _i' _2' _i' _2' 6BE' 60E

Output: XE,I' XE,2' 31' _2' Vl' v2' 6BE' _eE

DMTMPY

6
Purpose: To compute the double precision product [C] of the double

precisioned m by n matrix [A] and the double precisioned n by p
matrix [B]

Called by: AMATRX

Input: [A], [B], m, n, p

Output_ [C]

Comments: [C] is computed by

n

C.. = _ aikbkj

ij k=l

DOI Descent Orbit Insertion Routine)

Purpose: To compute the descent orbit insertion maneuver

Called by: TARGET

Input: TEVENT, XLS

Output: TEX , AVEx

Comments: See subroutine LLTPR of reference 15

DOT

Fnrpose: To compute the dot product of two vectors
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DRAG

Purpose: To compute the effects of atmospheric drag on a state vector

propagated through a given time interval by the earth AEG

Called by: ESAEG

Comments: See reference 8

ELPRE

Purpose: To propagate AGS state vectors in AGS guidance routine by use

of Keplerian motion

Called by: AGS, AGSKEP

Comments: See figure 7.33 of reference 4

ENCKE (Onboard Coasting Integrator)

Purpose: To propagate estimated state vectors during coasting flight

Called by: CFP, DOI, INITV, LAMAIM, MANEUV, MIDCRS, ONR, PRETPI,

PROPAG, QRDTPI, RNR, RR, SOR, SPLIT, TARGET, UPDATV

Input: ELE, CART, SPHERE, TSEC, LI, L2, ISET, KORIN, KOROUT, K I

Output: ELE, CART, SPHERE

Comments: Subroutine ENCKE is the AGAST simulation of the onboard

coasting integrator for the CMC and the LGC (section 5.2.2 of

ref. 3)

EPERT

Purpose: To compute the perturbing acceleration caused by planetary
oblateness
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Called by: RUNGA

Input: x, y, z, _, J2' J3' J4' J22' J31' KREF

Output: x, y, z

ERRSXT

Pnr.pose: To compute the error matrix for the unit vector that

represents the sextant alinement to a landmark and then rotate

the true unit vector through the error matrix to obtain an

errored unit vector

Called by: UPDATV

Input: USXT, 6SX T , 6SX T , 6SX T , aSXT., aSXT , aSXT
x y z x y z

Output:

ESAEG (Earth AEG)

Purpose:

Called by:

Comments:

To propagate a state vector in earth orbit

AEG

See reference 8

ETOXYZ

Q

Purpose: To convert Keplerian orbit elements to Cartesian elements

Called by: AEG, ENCKE

Input: a, e, i, g h, M

Output: R, V
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EXDV

Furpose: To compute the initial velocity-to-be-gained vector for an

external AV guided maneuver

Called by: MANEUV

Input: R, V, AVLv, F, WE

Output: 9G

Comments: See section 5.3.3.3.1 of reference 3 for a discussion of

external AV prethrust computations

FILTER

Purpose: To simulate the onboard AGS rendezvous radar filter which

updates the LM state vector

Called by: AGSRR

Comments: See figures7.16 through 7.19 of reference 4

GEOMET (Geometric Parameters Routine)

Purpose: To compute various parameters defined from two input vectors

Called by: LAMBRT, PARAM

Input: nl' _2

Output: _i,_2 _nl, Un2, cos ¢, sin ¢, N' UN

Comments: This subroutine is documented in section 5.5.10 of reference 3



57

GMATRX

J

Purpose: To compute the product [C] of the m by n matrix [_] and the

n by p matrix [B]

Called by: (General utility routine)

Input: [A], [B], m, n, p

Output: [C]

Comments: [C] is computed by

m

Cij = _ a b
k=l ik kj

GMTIME

Punpose: To convert days, hours, minutes, and seconds to seconds and
vice versa

Called by: COMMPT, DESCNT, _INPUTI, OUTPUT

GUESS

Purpose: To compute an optimum solution for the NCC - NSR sequence

Called by: TURNUP

Comments: The iterative technique used in GUESS is documented in

reference 16. There is no detailed flow chart for this routine.

INCOV

Purpose: Input routine for those matrices whose dimension is a

multiple of six

Called by: INPUTI, INPUT2

Input : K D
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INITV (Initial Velocity Routine)

Purpose: To compute the velocity required to intercept a specified

point in space at a specified time

Called by: LAMAIM, MIDCRS, PRETPI, SOR, VTBG

Input: R, V, RT, T2, E, NI

Output: _T , RT2

Comments: This subroutine is discussed in section 5.5.11 of reference 3

INPUT

Purpose: Routine for the reading of the base date and reference

state(s) into the program and the computation of the A-matrix

or initialization of the ephemeris tape

Called by: INPUTI

Input: KRE F, L I, L2

Output: TR' XR' Base Date

INPUTI

Purpose: Routine for the reading of program initialization data

Called by: AMAIN

Comments: See reference 5 for a detailed description of the initial-

ization input

4

)
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INPUT2

Purpose: Routine for the reading of the event package input for each

event to be performed

Called by: AMAIN

Comments: See reference 5 for a detailed discussion of the event

package input

INRTCC

Purpose: To read the RTCC vector package

Called by: INPUT

Input: IVE H

Output: XR' TR

ITRATE

Purpose: To determine the zero of a monotonically increasing function

or the minimum of a function whose first derivative is single

valued in the desired range

Called by: CONIC, LAMBRT

Comments: See section 5.5.10 and figure 5.10-3 of reference 2

JDATE

Purpose: To compute the Julian date corresponding to the base date

Called by: PRESS

Input: ByEAR, BMONT H, BDA Y

Output: TjC, TjD
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JOCDH

Purpose:

Called by: TARGET

Input: _SR' TNSR'TTPI' e

Output: KNSR, TSAVE

To computethe CDHtime slip required to hold TPI time fixed

D

JPLEPH

Purpose: To computethe lunar libration matrix [PNL] and the positions
of the sun and moonwith respect to the earth

Called by: PWVCON,TAPEUP,TCONE,TILL, TRANCO

Comments: See reference 17

KEP (Kepler Equation Routine)

Purpose: To compute the transfer time in a Keplerian orbit for a given
value of the universal variable ×

Called by: CONIC,LAMBRT,TIMEP

Input: CI, C2, ×, _,

Output: T21, C (_), S (_)

Comments: See reference 2, pages 5.5-42 and 5.5-47

4r

LAMAIM

Put.pose: To compute the initial VG for a Lambert guided maneuver
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Called 0y:

Input:

Output:

Comments:

MANEUV

TI' T2' TSa' _T' _' V

V_

See reference 2, pages 5.3-23 to 5.5-26

LAMB

Purpose: To solve for the two-body initial velocity given the initial

and final position vectors and a transfer time between the two

Called by: CFAEG5

Comments: LAMB is essentially equivalent to the LAMBERT subroutine of

section 5.5.6 of reference 2 with the exception that multiple

revolution transfer trajectory capability has been added.

LAMBRT

Purpose: To simulate the onboard Lambert program which computes the

targeting for a two-impulse rendezvous solution

Called by: INITV

Comments: This subroutine is discussed fully in section 5.5.6 of

reference 3

LOPC (CSM Lunar Orbit Plane Change Routine)

Purpose: To compute a maneuver to place the landing site in the CSM

orbital plane at lift-off time

Called by: TARGET

Input: TEVENT, XLS

D--

Output: TEX , AVEx

Comments: See reference 18.



62

LSAEG(Lunar AEG)

Purpose: To propagate analytically the state vector of a vehicle in
lunar orbit

Called by: AEG

Comments: Twoversions of the LSAEGare used in AGAST. See reference 9
for the triaxial version and reference 19 for the generalized
version.

LSALGN(Lunar Surface and Landing Site Alinement Routine)

Purpose: To computethe REFSMMAT[T] for a lunar surface alinement

Called by: ALIGN

Input: RLS' _

Output: [T]

Comments: See reference 2, page 5.6-54

LVLHDX

Purpose: Oneroute converts a state vector increment from LV coordinates
to BR coordinates and adds the increment to the input state
vector; the other route converts a state vector increment from BR
to LV coDrdinates

Called by: REPLAC,SAMPLE

Input: Ro' _o' AR, AV

Output: R, V

a



6_

g

MAN_V

Purpos_: To perform powered flight maneuvers

Called by: AMAIN

Input: See reference 5 for maneuver event input

Output: Actual and estimated state vectors after the maneuver

Comments: See section 5.3 of references 2 and 3

MANGLE

Purpose: To calculate various parameters relating to the orbits of the

sun and moon which are used by subroutines AMATRX, NUTE AND PRESS

Called by: AMATRX

Comments: See reference 20

MATRIX

Purpose: To multiply a three dimensioned vector B by a 3 by 3
matrix [A]

Called by: (General utility routine)

Input: [A],

Output:

MDOT

Purpose: To compute the velocity of a point on the moon caused by
lunar rotation

Called by: TRANCO

Comments: See reference 21



64

MIDCRS

Input:

Output:

Comments:

Purpose: To compute the terminal phase midcourse maneuver and the

direct intercept maneuver

Called by: TARGET

T, T2, active vehicle number

_VEX

See program P35 of reference 2 or 3 (section 5.4.25

MTRP

Purpose: To transpose an m by n matrix [A]

Calledby: (General utility routine)

Input: [A], m, n

Output: [A] T

NEWT

Purpose: To perform a fifth-order Newton interpolation on the data

from the JPL ephemeris

Called by: JPLEPH

Comments: See reference 17

NUTE

Purpose: To compute the earth nutation terms needed in subroutine

AMATRX

Called by: AMATRX

Comments: See reference 20
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OBS

Purpose: To produce tracking data that simulates the observations of

the RR and SXT; to incorporate the tracking equipment error models

into the computations of measurements

Called by: UPDATV

Input: RRE L, VRE L, [TA] [SMNB] o , , ,
' ' °N R' N_ °N B °N_ RBIAS, 6R, _R,

68, 68 o , VHFBIAS , 6RvHF, 6SX T , 6SXT , 6SXT , OSXT , OSXT ,
' NVHF x y z x y

°SiT
z

Output: RA' _A' BA' _A' RM' RM' 8M' _M' _REL' USXT

ONR

Purpose: To accept simulated optics data and perform navigational

updates to the CSM vector and the landmark radius vector

Called by: UPDATV

Input: XE , Iknown, L, KRNDFG, N, UNB' [T], [NBSN], ¢, _, hLS , [WLRv] ,

[WuNL]' XKL' VARIMU' VARSCT' VARINT' [W]

Output: XE, [W]

Comments: Subroutine ONR is an engineering simulation of the logic

described in section 5.2.5.2 of reference 2.

The W-Matrix of the 0NR flowchart of appendix B is partitioned as
follows.

[W] =

r

wl I w2 I w3

W 4 | W 5 | W 6
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OPS

Purpose: To compute orbital parameters r, a, n, c, s for use by

subroutine ELPRE

Called by: AGS, AGSKEP

Comments: See figure 7.33 of reference 4

ORD

Purpose: To order the table TTR K in an ascending sequence

Called by: CATIME

Input: NTOTAL, TTRK-Table , KTRK-Table

Output: TTRK-Table, KTRK-Table

OUTPUT

Purpose: Display routine for the orbital parameters of the reference
state vector

Called by: INPUTI

Input: Reference state vector

Output: Printed display

PALIGN (Preferred Alinement Routine)

Purpose: To calculate the desired alinement for powered flight

maneuvers

Called by: ALIGN, TRIM, ULLDIR

Input: R, V, UTD

J
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Output: [T]

Comments: See reference 2, pages 5.6-53

PARAM

Purpose: To compute various orbital parameters for use in other
routines

Called by: APSIDE, TIMEP

Input: R, V

Output: .Cot y, C

Comments :

PN3' N'

See reference 2, pages 5.5-43

PCA

Purpose: To compute the time and distance of closest approach between
two vehicles

Called by: MANEUV

Input: vehicle state vectors

Output: TCA , DCA

PERRO

P Purpose: To simulate the effects of platform and accelerometer errors

on the A_ sensed by the systems

Called by: MANEUV

Input: L, ICOM, AVA, [Bc], [Bp], [BA] , REFSMMAT, [A(t)], scale factors,

accelerometer read biases

Output: AVE, [P(t)]
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PMATRX

Purpose: To compute the rotation matrix from basic reference

coordinates to the vehicle platform for various platform
alinements

Called by: AFLPN, ALIGN, COMDKI, DELTAV, LOPC, LVLHDX, MANEUV, REPLAC,

RNRPRT, SAMDIF, TPITPM

Input: R, V option flag

Output: [T]

PMISS

Purpose: To advance the LM and CSM AEG states to TTp I and to compute

the phase angle discrepancy

Called by: COMDKI

Input: SD' TTPI

Output: A6

Comments: The desired phase angle at _PI is defined as that phase

angle which produces an elevation angle ED. The phase angle

discrepancy A0 is then the difference between the desired phase

angle 0D and the phase angle eTp I.

PRESS

Purpose:

Called by:

Comments:

To compute the earth precession term required by AMATRX

AMATRX

See reference 20

J
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PRETPI

Input :

Output :

Comments :

Purpose: To compute the terminal phase initiation maneuver

Called by: CFP, TARGET

TTPI, EL, _t, active vehicle number

TTp I , ZVEx

See program P34 of reference 2, pages 5.4-22 to 5.4-27

PROCES

Purpose: To read the Monte Carlo data on the output tape and process

those data to generate sample means, standard deviations, and

covariance matrices

Called by: AMAIN, XMAIN

Input: ISAVE, NSAM; for each reference point, the following parameters

are read from the data tape (maneuver parameters are not read for

nonmaneuver events )

a. Reference state vectors and time

b. Reference maneuver AV burned

c. Sample state vectors and times

d. Sample maneuver 6V targeted

e. Sample maneuver AV burned

f. Sample maneuver burn time AT B

g. Sample maneuver residual AV

h. Sample maneuver trimmed AV

i. The XTRA array

j. The SAVMAN array

Output: Statistics are printed

PROPAG

Purpose: To propagate actual and estimated state vectors to a given

time
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Called by: AMAIN,DELTAV,SPLIT, TARGET,UPDATV

Input: ICOM, INOMT,IpASS, LEC, LEN, TEVENT, TSTART, TSTOP,IWMATRX

Output: Advancedstate vectors

PWVCON
t_

Purpose: To perform various vector transformations needed by LSAEG

Called by: LSAEG

Comments: See reference 9

QRDTPI

Purpose: To compute the desired phase angle at TPI which corresponds

to the desired elevation angle E

Called by: SOR

Input: E, AHcD H, XE, J

Output: 0i R'j, _', j

RANDN

Purpose: UNIVAC MATH-PACK routine which generates an array of random
numbers that has Gaussian distribution and has a mean and standard

deviation approximating a desired input

Called by: RANNO

Input: n, Xl, a,

Output: {Xi}_=. 1

J
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X n
Comments: RANDN accepts an input number X I and outputs an array ( i}i=l

which approximates a normal distribution with mean _ and standard

de_iation o. The method of generation is a recursive congruence

scheme; that is

27

Xi+ 1 = f(Xi)MOD 2

On each call to RANDN, the first number generated replaces the

input X i. A detailed explanation of the generating function may

be found in references 22 and 23.

RANDU

Purpose: UNIVAC MATH-PACK routine that generates an array of random

numbers uniformly distributed on the interval [o,i]

Called by: RANNO, TRIM

Input:

Output:

Comments:

RANDU

n, Yl

{yi }ni=l

See reference 23 for a description of the equations used in

RANNO

t

P

Purpose: To produce an array of pseudorandom numbers

Called by: AMAIN, ERRSXT, OBS, SAMPLE, SETPLT, SETRBS, SETTHR, TRIM

Input: n, IRA N

}n
Output: {Xi i=l

Comments: The UNIVAC MATH-PACK routines RANDN and RANDU are used to

generate the random numbers used by the components of the AGAST

program. On the first call to RANN0, the UNIVAC 1108 computer

clock routine is called upon to obtain the time, which is then
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operated on to produce the first input to RANDN. That routine
accepts X. as the initializing parameter of the randomnumber1
generation scheme. To decrease the correlation of the initializing
parameter on successive calls to RANNO,the current call to that

n

routine operates on the current output array (Xi}i= I to produce

XRAN, which will be the next input to RANDN.

RARP

Purpose: To compute the radius of apogee and radius of perigee of an

orbit

Called by: MANEUV, OUTPUT

Comments: See reference 24

REGFAL (Regula-Falsi Iteration Routine)

Purpose: To obtain a guess at the value of the independent variable in

a function that will drive the dependent variable to zero

Called by: PCA, TCONE

Input: ×, f(x), ICOVN T, IGUES S

Output: A×

Comments: By use of the guess at the independent variable to recompute

the dependent variable, REGFAL is recalled for a new guess. This

process is continued until convergence is Obtained.

REPLAC

Purpose: To compute the state vectors which start each cycle through

the program and perform vector replacement events

Called by: AMAIN
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Input: Initial state vector perturbation data (block B, re1. 5)
and vector replacement data (blocks EVENTand LEC3, ref. 5)

Output" The desired state vectors

RNR

Purpose: To accept simulated sextant and VHF observational data and to
perform navigational updates to the CMCestimated state vectors

Called by: UPDATV

Input: XE,I, XE,j, WD' [W], IT], [NBSM], ARM,UM' VARvHF'VARvHFmin'

VARsxT, VAR!MU, VARINT, LMup, IpRINT, KRNDFG

Output: XE,I, [W]

Comments: Subroutine RNRis an engineering simulation of the VHFand
optical navigational logic described in section 5.2.5.2 of
reference 2.
The W-matrix in the RNRflow chart of appendix B is partitioned
as follows.

[W] =

1
71w8 !9/

RNRPRT

P

Purpose: To print rendezvous tracking information: actual state vectors,

estimated state vectors, tracking observations, filter parameters,
and state vector: corrections.

Called by: AGSRR, FILTER, ONR, RNR, RR, UPDATV

Input: JF' Ip, N, ICO M

Output: Prints as indicated in the flow chart of RNRPRT in appendix B.
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ROTXYZ

Purpose: To computea rotation matrix [M] for the angles ex, 8 and e ;
the rotation is in the x-y-z order y z

Called by: CPEM,ERRSXT,OBS

Input: e , e , and ex y z

Output: [M]

Comments: The rotation matrix [M] = (M..) is computedas follows.
ij

MII = COSe COS8z y
M2_ = sin ez cos ex + cos ez

MI3 = sin e sin e - cos eZ X Z

M21 = - sin e cos ez y

M22 = cos e cos e - sin eZ X Z

M23 = cos e sin e + sin eZ X Z

M31 = sin ey

M32 = - cos e sin ey x

M33 = cos e cos 8y x

sin 0 sin e
y x

sin e cos e
y x

sin e sin e
y x

sin e cos e
y x

RR

Purpose: To accept simulated rendezvous radar observational data and

to perform navigational updates to LGC estimated state vectors

Called by: UPDATV

Input: XE,I' XE,j' WD' [W], [T], [SMNB], ARM, ARM , 6M , QM' VARR'

VARRMIN, VAR V, VARvMIN, VAR B, VARIM U, 66E, 6eE, LMup, IpRIN T,

IANGLE, KRNDFG
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Output: XE,I , [W], 6BE, 6e E

Comments: Subroutine RR is an engineering simulation of the logic

dc_cribed in section 5.2.4.2.2 of reference 3.

The W-matrix of the RR flow chart of appendix B is partitioned as
follows.

[w] =

lwW i
_l--i=l|
I w_ I w_l4 > o !

w I w_ Iw_/

RRSMNB

Purpose: To compute the stable member to navigation base rotation

matrix for the LM

Called by: AGSRR, UPDATV

Input: AR, P, ETA]

Output: [SMNB]

Comments: The matrix [TA] is a transformation from basic reference

coordinates to the true platform orientation. The output matrix

[SMNB] represents an orientation of the LM with the z-body axis

directed along the relative line of sight to the CSM, the y-body

axis directed perpendicular to the plane defined by the LM

position vector and the line of sight vector, and with the x-body

axis completing a right-handed system.

RTCCSI

Purpose: To compute the concentric sequence initiation maneuver based

on the RTCC logic, and to compute the NCI - NH sequence in the DKI

maneuver sequences

Called by: COMDKI, TARGET
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Input: TCSI, TCD H, TTp I, EL , NCD H, IVE H, LEN ' AhD

Output : A_CSI (LV)' TCDH, _VcDH (LV)

Comments: The logic of RTCCSI is a combination of the CSI/CDH logic of

references 2 and 25

RUNGA

Purpose: To integrate the actual state vector through each guidance

cycle of a burn and to compute the thrust model used during each

guidance cycle of the burn

Called by: MANEUV

Input: R, V, TG0, UTD' T, I, IENG, IpH, 6t, ENO , W, LEN, KTOFF, IMD C,

v_a' _T_RoT,_L' FD, ISpD' '_TOTA_,'OK'OC,_N_,_ ' T_L'

* , ATOpIME, ITHRC

Output: R, V, AV, UTA, T, ATBuRN, IpH, W, KTOFF, KUL, @, AVToTA L, CK

SAMCOV

Pitt.pose: To accept an array of random dispersions to a state vector

and to compute a sample covariance matrix, correlation coefficients,

standard deviations of the individual components of the state

vector, and standard deviations for the position and velocity

Called by : PROCES

Input: 6Xs

6
Output: Z (g. aR av' i )i=l' '

Comments: The output Z has in its lower left triangular part the

correlation coefficients
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SAMDIF

Purpose: To compute for a reference point the differences between sample

arrays of state vectors produced for that reference point. The

entries in the table of state vector differences are output in a

local vertical coordinate system

Called by: PROCES

Input:

Output:

N, IDIF' XR I ' XA XE XE
' V ,i' XA,2' ,i' ,2

n
{_Xk]k= 1

SAMPLE

Purpose: To sample a covariance matrix to produce a sample random

dispersion of the vector for which the covariance matrix is defined

Called by: AFLPN, REPLAC

Input: KD, Z, X R

Output: X, 6X

Comments: See section 7.1 of this document for a detailed explanation

of the sampling technique used in SAMPLE

SAMSIG

Purpose: To compute sample means and standard deviations for an array

of random variables

Called by: PROCES

n }k
Input: K, N, ISIG, { {Xji}j= I i=l

k k

Output: {_i}i=l , {ai}i= I
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Comments: The formulation used in SAMSIG is based on derivations in

reference 7

SAVIP2

Purpose: To read the saved data from unit 15 back into the program

needed to initialize each cycle and to perform each event

Called by: AMAIN

Input: LEC

Output: The saved INPUTI data or the saved event package input

SCTXYZ

Purpose: To convert a position vector in spherical coordinates to
Cartesian coordinates

Called by: INPUTI

Input: R, _,

Output: x, y, z

Comments: The conversion is computed as follows

x = R cos _ cos ¢

y = R sin _ cos

z = R sin ¢

SENSOR

Purpose: To obtain the sensed AV during each guidance cycle of a

maneuver

Called by: RUNGA
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Input: R, UTD, _C' W, W, F A

Output" AV, UTA

Comments: See reference 26

SETPC

Purpose: To load the constant array with the proper data depending

upon which central body is being considered

Called by: INPUT

Input: "KRE F

Output: w' RREF' _' J2' J2' J3' J4' J22' J31

SETPLT

Purpose: To set the initial platform misalinement angles, gyro drift

rates, accelerometer misaiinement angles, acceierometer read

biases, and accelerometer scale factors

Called by: ALIGN, AMAIN

Input :

Output:

IpE' IpLTS G, IpLTN' aAL N' aDF T' aAA L, aDV B, a S

0 0z -0x' _ @ E-array, A_B, S-array
x,o' y,o' ,o' y' z,

SETRBS

Purpose: To set RR and SXT bias values

Called by: AMAIN

Input: _R' a6_, a_B , _6e' aBsxT ' _BsxT ' aBsxT ' aBvHF
x y z
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Output: 6R, 6R, _8, 6e, _SXT ' _SXT ' 6SXT ' VHFBIAS' RBIAS

x y z

SETTHIg"

Purpose: To set for each thrust phase of each engine the thrust level

and specific impulse which model the actual engine performance

Called by: AMAIN

, , , , ISPA*Input: Jl' J2' KI K2 INOMT' ITHR FA*

Output: FA, Isp A

SHORTB

Purpose: To compute an estimated burn time to determine if steering

and in the case of the DPS engine if throttling is allowed

Called by: MANEUV

Input: IVE H, IEN G, IVGI, ENO, WE , WE

Output: KSTBURN, NTHRO T, TGO

Comments: See the time-to-go predictor routine in references2 and 3

SMEAN

Purpose: To accept an array of state vectors to compute the mean

vector of the array, and to compute the magnitude of the mean

position vector and the mean velocity vector

Called by: PROCES

n

Input: N, {gXk}k=l

Output: _' _R' _V
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SOR

Purpose: This routine contains the Stable Orbit Rendezvouslogic of
s_ction 5.4.2.6 of reference 3: targeting for the SO1, SOR,and
S0Mmaneuvers. Also contained in S0R is logic to compute for the
active vehicle desired offsets from the passive vehicle at CDH
time, and to subsequently computethe SO1and SORmaneuvers to
achieve those offsets at CDHand to maneuver into a coelliptic
orbit

Called by: TARGET

Input: LEN, KTARG, _r, AHD, wt, T, XE,I, XE,j, TTPI, SD' SA

Output: AVI, A92, TI, T 2

SPHELE

Purpose: To compute spherical orbit elements from Cartesian elements
and vice versa

Called by: AEG, ENCKE, LSAEG

Co_ents: See subroutine CONV of reference 17

SPLIT

Purpose: To call subroutine START to compute the burn time for an

external AV maneuver, then to compute the time of ignition and

bias the external AV by one half the finite burn arc

Called by: MANEUV

Input: IENG' TEX' AVEx' _E,I' EN0, F_, l*spA, AT*BpA

Output: AVEx
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STA_RT

Purpose: To calculate the thrust ignition time, the burn duration, and
the thrust attitude required of the actual maneuverwhich
duplicates the results obtained by a given impulsive maneuver

Called by: SPLIT

Input: AV, WT, ATTo, F, W, ATBp' IENG

Output: ATTI, ATB, P, Y

STAYT

Purpose: To propagate a vector through the time interval T21 by use
of Keplerian motion

Called by: CONIC,TIM_EP

Input: R(TI), V(TI), X, <, C(6), S(6), T21

Output: R (T2) , V (T2)

Co_zments: See reference 2, pages 5.5-42 and 5.5-48

TA

Purpose: To compute true anomalywhen eccentricity and meananomaly
are given

Called:

Input:

Output:

AEG,ENCKE,ETOXYZ,M_hNEUV,OUTPUT,RARP

e, M

9
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TAPEUP

Purpose: To initialize the JPL ephemeris tape

Called by: INPUT

Input: Base date

TARGET

Purpose: To target all desired maneuvers

Called by: MANEI]V

Input:

Output:

Block EVENT and Block LECI data (see ref. 5)

TIG, AVEx, IFLAG, ISPLIT

Comments: The routine has the capability to target the maneuver on the

primary computer states and to target each maneuver based on the

actual states and on the estimated states of other computers.

All the solutions requested for a given maneuver are stored in

the SAVMAN array to be used as described in section 6.5.2 of this

document.

TAUAL

Purpose: To compute the time lag and AH between two orbiting vehicles

Called by: PMISS

Comments: See reference 27 for a discussion of the formulation of

subroutine TAUAL

TCONE

Purpose: To compute the time of closest approach of the CSM to the

landing site
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Called by: AFLPN

Input: T, vehicle number

Output: TI

THETR

Purpose: To compute the phase angle between two orbiting vehicles

Called by: CFAEG5, JOCDH, MANEUV, PMISS, RTCCSI, TARGET, TAUAL

Input: Orbital elements i, h, and u for both vehicles

Output: 8R

Comments: For an explanation of the formulation of THETR, see

reference 27

THRFIL

Purpose: To accept the simulated accelerometer readings and to output

the acceleration magnitude and T

Called by: MANEUV

Input: AT, AV, T, VE

Output: a ,
m

TILL

Purpose: To compute the time of intersection of a spacecraft's

trajectory with a right circular cone whose vertex is centered in

the planet

Called by: TCONE

Comments: See reference 28

4
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TIMAL

Purpose: To determine the arrival time of a spacecraft at a designated

counter line

Called by: COMDKI, PMISS, RTCCSI

Comments: A discussion of the formulation of TIMAL occurs in

reference 27

TIMEB

Purpose: To compute the burn time for a maneuver

Called by: START

Input: AV, W , W, g,o ISp

Output : ATB

Comments: The burn time is com_1_ted as follows.

AT B _ o _ i

W EXP

gisp

TIMEP (Time-Theta Routine)

W
Pn_pose: To compute the time required for a vehicle to pass through

an angle 0 using Keplerian motion

Called by: CFP, LOPC, PRETPI, QRDTPI, SOR

Input: R (TI) , V (TI) , 0

Output: T21

Comments: See the Time-Theta Routine of reference 2, page 5.5-34
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TIMFAL

P_pose: To compute the time of arrival of a spacecraft at an upcoming

apsis

Called by: COMDK!, RTCCSI

Comment: This routine is documented in reference 27

TPASS

Purpose: To compute a table of times for which an orbiting vehicle

passes within sight of a lunar landmark

Called by: CATIME

Input: T, TSTART, TSTOP, CR,O' _R,O' CR' _R' H, RRE F, RLs A, XA, I,

eMIN' ATpAss

Output: {TsAvE (i)) N (i)} Ni=l' {ATsAvE i=l

Comments: The iterative scheme used in TPASS to compute the closest

approach times is documented in reference 29

TPITPM

Purpose: To display the maneuver AV's associated with maneuvers that

use the onboard Lambert targeting

Called by: AGS, MIDCRS, PRETPI, S0R

Input: TI, T2, AVI, AV2, RI, VI, Rj, Vj, Ipc

Output: The Lambert targeting display
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TRANCO

Purpose: To perform transformations of vectors from planet_ry
coordinates to inertial coordinates and vice versa

Called by: AFLPN,ALIGN, DESCNT,DOI, ENCKE,EPERT,LOPC,MANEUV,ONR,
TPASS,UPDATV

Input: T, X, V, KREF,option flag

Output: _' VR

TRIM

Purpose: To compute and trim the VG residuals caused by initial thrust
misalinement and center of gravity offset errors

Called by: MANEUV

Input: XA' XE' XM' _TA' VG' IEX

Output: XA' XE' XM' VG

TURNUP

W
Purpose: To compute an optimum AVtwo-impulse solution based on the

interpolation technique of subroutine GUESS

Called by: BUTTON

Comments: No documentation is available

ULLDIR

Purpose: Based on its knowledge of the center of gravity location this
subroutine calculates the thrust direction during ullage and the
initial thrust direction of the main engine after ullage
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Called by: MANEUV, RUNGA

m D

Input: UTD , UTA , XE, WT, IVE H

Output: UTD , UTA

UNIT

Purpose: To compute the unit vector _ which corresponds to an input

vector a

UNIVAR

Purpose: To compute the universal parameter x used by subroutine

LAMBRT and TIMEP

Called.by: LAMBRT, TIMEP

Comments: See section 5.5.10 of reference 2

UPDATV

Purpose: Driver logic for the onboard tracking programs

Called by: AMAIN

Input: INARK , LEN , ATNARK , TSTART, TSTOP , IVUP, [T], IpE, IGI M, _T'

landing site array, XE,I XE,2, XA,I, XA,2

Output: XE,IVU P

VECMG

Purpose: To compute the magnitude of an input vector
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VTBG (Velocity-To-Be-Gained Routine)

Purpose:

Called by:

Input:

Output:

Comments:

To obtain VG for each guidance cycle of a Lambert cuided burn

MANEUV

R, V, _, NMAx, g, gb' _' TIa' _¢' T2' _T

?Q

See reference 3, section 5.3.3.5

WMATCN

Purpose: To transform the [W] used by 0NR into a triangular matrix;

this form is required to propagate [W] to the next landmark

Calledeby: ONR

Input: [W]

Output: [W]

WMT

Purpose: To print the W-matrix, the E-matrix, and the square roots of

the diagonal of the E-matrix

Called by : RNRPRT

Input: WC' [BRLOS], IpRIN T

Output : None

Comments: The W-matrix is input to WMT as a column vector with 81 entries,

C" That vector is loaded_into the W-matrix array [W]. The

E-matrix is computed as WWT in LOS cordinates.
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XESTAB

Purpose: To maintain a table of current state vectors for each vehicle
of each computer

Called by: AFLPN,AGSRR,ALIGN, AMAIN,COMDKI,DELTAV,MANEUV,PROPAG,
REPLAC,TARGET,UPDATV

Input: XE, ICOM,IVEH

Output: XE

XMAIN

Purpose: A driver program which calls subroutine PROCESto process
a data tape generated by AGASTon a previous computer run

Input: NSAM,NREF

Output: Sameas subroutine PROCES

XYZTOE

Purpose: To convert Cartesian orbit elements to Keplerian orbit
elements

Called by: AEG,AGSKEP,CFP, ENCKE,LSAEG,MANEUV

Input : R, V

Output: a, e, i, g, h, M

XYZTSC

q

Purpose: To convert a position vector to spherical coordinates

Called by: AFLPN
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Input:

Output:

Comments:

:4, y, z

R, k, ¢

The conversion is computedas follows.

R =_ x2 + y2 + z2

X = tan-l(Y)

¢ = cos-i (_ z )x 2 + y2
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APPENDIXB

FLOWCHARTSOFTHESUBROUTINEOFAGAST

w
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APPENDIX B - FLOW CHARTS OF THE SUBROUTINE OF AGAST

@

The following figures are in alphabetical order according to the

subroutine names. The driver program is the routine AMAIN. Not all

routines used in AGAST have flow charts in this appendix; however, docu-

mentation of the larger routines not flow-chartedhere occurs in the

references noted in the subroutine descriptions of appendix A. Symbols

used in these flow charts are defined in appendix C.
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LUNAR

IL:LI[

I
CALL LSAEG

TO PERFORM
THE REQUESTED
VECTOR ADVANCING

OR INITIALIZATION

iC LLSP! L 

© _LT_c(L)-TsEcl

NO'YES

H CALL XYZTOE
WITH CART(L) TO
OBTAIN ELE(L)

=0 __

WITH SPHERE(L)
TO OBTAIN CART(L)

4p

U

Page 1 of 5
Figure B-1.- Flow chart of subroutine AEG.
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if.

©

I
l

;]

NO

CALL ETOXYZ J
WITH ELE(L) TO

OBTAIN CART(L)

t

CALL TRANCO AND [

ROTATE CART(L)

INTO GRI_ENWICH
TRUE OF'DATE

COORDINATES

t
U_(L)= g(L) + TAle(L), M(L)]

t
I R = INTEGER [U_(L)/2 _-]

t
CALL XYZTOE WITH
CART(L) AND OBTAIN

ELE(L) IN GREENWICH
COORDINATES

t

U(L) : g(L) + TAle(L), M(L)] J

t
U(L) : MOD [U(L), 2 _']

U(L) = 2_1R + U(L)

Figure B-I.- Continued.

Page 2 of 5
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NO

<0_ >0

U(L)= U(L) + 27r

©

I M(L) = U(L) - g(L)

M(L) = ANOM [e(L), M(L)] ]

>0

CALL THE EARTH AEG
(ESAEG) AND PERFORM
THE REQUESTED VECTOR
ADVANCE OR INITIALIZATION

Page 3 of 5

Figure B-1.- Continued.
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99

ELE )I((L)._ELE(L) ]

@. :o

IR : INTEGER [U(L)/2_']I

CALL TRANCO AND
ROTATE CART(L)
INTO BESSELIAN
COORDINATES

I CALLSPHELETO IOBTAINSPHERE(L)

I
CALL XYZTOE TO
OBTAIN ELE(L)

Figure B-1.- Continued.

Page 4 of5
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OBTAIN CART(L)

CALL SPHELE TO
OBTAIN SPHERE(L)

1
SUBTRACT THE EARTH
ROTATION ANGLE FROM
THE LONGITUDE OF
THE VECTOR

X = X - O_TsEC

_I L=L+II

Figure B-1 .- Concluded. Page 5 of 5
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a

_ _i_ _

RADIUS RDD

Ra -- RLS + Ha

Rp = RLS + Hp

i
a =_-- (Ra+ Rp)

Ra - RID

e = Ra+Rp

_____1_°2) [RDD 1 + e._

1
COMPUTE DESIRED INSERTION

VELOCITIES VR AND VH

v
" ="°-' +o.co_(e,_y
VR = V • SIN (_

VH = V- COS (_

6
Figure B-2 .- Flow chart of subroutine AFLPN,

NO

Page 1 of 6
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NO

YES

=0_ YE

_0

I XLSA.=_ XLS R J

_=0

I CALL TRANCOTO OBTAIN
THE CSM REFERENCE
SELENOGRAPHIC VELOCITY

CALL SAMPLE TO SAMPLE _LSA

OBTAINING BXLs A THE UVW

DISPERSION OF THE ACTUAL
LANDING SITE FROM THE REFERENCE
LANDING SITE

I
CALL PMATRX TO OBTAIN

[R] THE ROTATION MATRIX
FROM SELENOGRAPHIC TO
UVW REFERENCE COORDINATES

I

TO

Figure B-2 .- Continued.

Page 2 of 6

d
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6

$

9
Ix,__A:x,_,_-'-_X,_sAI

YES

NO

<o >o

CALL TRANCO TO OBTAIN
THE CSM ACTUAL
SELENOGRAPHIC VELOCITY

CALL SAMPLE TO SAMPLE

_LSE OBTAINING 8XLs E

THE UVW DISPERSION OF THE
ESTIMATED LANDING SITE
FROM THE ACTUAL LANDING SITE

,J

lm

CALL PMATRX TO OBTAIN

JR]THE ROTATION MATRIX
FROM SELENOGRAPHIC TO
UVW ACTUAL COORDINATES

l
CONVERT_XLsE TO
SELENOGRAPHICCOORDINATES

_XLs E [R]-l= 8XLs E

Page 3,of 6

Figure B-2.- Continued.
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?
I_,_--x,sA+_X,_I

YES

NO

SET TCONE PARAMETERS

ll=O

ISCAN = 1

JCASE = 3

KNTRL ----1

L--1

CSM ESTIMATED STATE

1
SAVE THE CSM ACTUAL STATE AND

INITIALIZE THE AEG WITH THE CSM

ESTIMATED STATE

ICA_XY_TSCTOOOTA'N_,_,_O_TH_IESTIMATED LANDING SITE FOR USE IN TCONE

I
CALL TCONE TO OBTAIN TCA THE TIME OF

CLOSEST APPROACH OF THE CSM TO THE

LANDING SITE

Figure B-2.- Continued.

Page 4 of 6
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6

©

?
I COMPUTE THE TRAVEL ANGLE

OF THE CSM DURING ASCENT

_CSM =TASCENT/nCSM

COMPUTE THE DESIRED PHASE

ANGLE AT LIFT-OFF

_'TLO=% ÷ _'ASCENT-_CSM

_o_T_T.__,_._Q_,_o
FOR THE CSM TO TRAVEL'_TLO

8_=,_T.O/_CS_

STATE INTO THE AEG

YES

CALL TRANCO TO ROTATE XLS A INTO

SELENOCENTRIC COORDINATES AT

TLO OBTAINING XA OF THE LM

Figure B-2 .- Continued.
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-1-o6

PGNCS

?

CALL TRANCO TO ROTATE

XLS E INTO SELENOCENTRIC

COORDINATES AT TLO

OBTAINING X E OF THE LM

CALL XESTAB TO STORE X E

NO

CALL XESTAB TO STORE I
X E IN THE AGS COMPUTER I

AGS

NO

CALL XESTAB TO STORE

X IN THE PGNCS COMPUTER
E

_I'STATE=OLI-
f

Page 6 of 6

Figure B-2.- Concluded.
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W

_<_0_629529.8440=0
j7 = 602 757.2 K54 = 0

j8 = 5 814 800.0 i<57 = -.0079994201

j9 = 5 814 800.0 K142 = 5

5 =-.i0000038K3 = 0.17364502 KI8

I

s_:INcoHII_8 =

_0

_8 =

7c x V c

_cf_c_4
id=O

Yd=O

jl=t.
_g

No!_ t

Figure B-3.- Flow chart of subroutine AGS,
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zo8

?
IONOF F = 0

:ITI

v= I_I

}-

_1 = --_-

/=V._ i

v_.Iv_-_flh

2 2V2
p : K2 r 11

2=1_/r 112+ 2 ;.2e1 - K2 P

o,:FI,,_

__Es
',10

1

l CALL OPS j

OBTAIN ORBITAL PARAMETERS ni,Ci, Si,

al. FROM LM STATE VECTOR

E = tan'l[_

1

Tperg :n'-_ _--E+ Si_

Figure B-3.- Continued.
Page 2 of 13
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E=O

y=W c • r

Vy ° = Wc • V

1=1%×_11
W1 = U1 × V1

r5= r

Vs=V

810 =

'E5

0

I0

T_, = ig - T l

Lig = t T A j

Tr= TA+J 6 I

Page 3 of 13

Figure B-3.- Continued.



]]0

= V 2 _ V 2
Vha h y

}f K4

, 4
j23_< rf_<K 6

4
QL = j7 + K10 ef

J8 < eL <_J9

rf= r b

YES

NO

_ _>,YES

NO

F

&QS = o k28 U-1+ 28 V-I 28 WI_'r- -J3 J1 -J2

Figure B-3.- Continued.
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iii

8

d

rig = rig

TAO TM 0

+ TAO

©

..... YES +

A = _ S16

B= j2+ 3/2 T/E (J1- tig)_A + 3/2 A_

C:Sf-Aa_ +4

Ar =C aE Vha

aE aEJ

rf = rA

-[
:L=aE _ .____v

--T

[ 2A:L- \Ii/2
Vhr = LKI k aLr#')]

j_8 = Vh f _ Vh a

28

J3 = _A - if

Page 5 of 13
Figure B-3.- Continued.
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4 4 >TB _1 + K2 VG + K3 VG2

i"d =_ f- I:A -_'i" d TB2) /T B

_;d: (-Vyo -''_/_d TB2)/TB

2
rf= r +i. AT B+_ r"d TB + 1/6 "_"d

%= rf

yf'-y +My o TB+_ _;

TB3

T2 + 1/6 "_;dTB3

ID-

_.., + L12'_

RDTL<_ "_'d_< K14

12

'_/d= _'d +-TB3 Yf

K_7< Yd < K5-- 16

L ESI"OTL;K O1
•.. 5 1

[ RDTL:K18]

2 2
K1 V h

_d= ":d+-_- - r
r

_ ji6
r f _ j5)

Figure B-3.- Continued.
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_YES

t_p= ;d/aT

_y= Yd/aT

B.-

..o>
NO

<_6_ YES

JO

_bD = _-'_'_

[
- q_ 28" " V1

i-
AV G = V G

VG×=VG (%0 '%1

v_:v_(% .%)
VGz= vC(_bD-7_)

Vg X=VGX+VDX

Vgy = VGy + VDy

Vgz= VGZ 4"VDz

Figure B-3.- Continued.
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z14

C _,LL OPS
OBTAIN ORBITAL PARAMETERS

n,C i,S i,a LFROM LM
STATE VECTOR

CALL ELPRE

ADVANCED LM STATE VECTOR

T iSECONDS TO OBTAIN 7 5, V 5

P= rf+K14

-01='T5
r5

V = V 5 • W'-cPy

Vha= [_51

CALL OPS
OBTAIN ORBITAL PARAMETERS

nE, CE, SE, a E FROM CSM
ST a,TE VECTOR

Figure B-3.- Continued.
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:L]._

(Rx)@LOS = tan-1 _ZZ

0 _.<@LOS --<2._-

Ti=(:_ tE + T .j3
r

T=T -T&
r

iALL ELPRE 1
DVANCE CSM STATE VECTORI

0 Ti SECONDS TO OBTAIN _"c'I

J
I

--;-c-Ts

-_
v_:1_ ×ull

Rx=U I - R

NO'YES

O_<Of<2T

Of- 2"r

T8 = _/E

Ti= Ti-T 8 - _< Or<,._.

-- @
0

ALL ELPRE I

DVANCE CSM STATE VECTOR

ECONDS TO OBTAIN TT,_ T Ti

Figure B-3. - Continued.
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-_.16

?
*'r=I;TI

02 7T
r T

Cl = Ul" 02

C2= (1- C_) 1/2

J1 = Kll

YES

WI = U1 x D 2 !C2 [sign(Wly" Wcy)]'C 2

W1 =Wll C2

vl = (u2- clul) / c2
V2 (C2U2 - U1)/C2

_'3=o

Figure B-3.- Continued.

I j4=810 = 0
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.1.17

©
YES

xi = P/r { - i

X 2 = p/r T - i

X3=(C IXI-X2)/C 2

X4 =IXl - el X2) /C 2

e 2 2 2
= X 1 + X 3

C_E= C1 + e 2 + X 1 + x 2 - x 3 x 4

"= p/(1-e 2)

Figure .- Continued. Page ii of 13
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/_3<2

p'=p
2

p- p - K14

T' =T
P P

NO

YES

_3<3

NO

Ap= /T-Tp) a T

YES

YES

r

aT=T p

2

LIMIT IApl_< KI9

p_=p

T_=T
P P

p=p+A
P

Page 12 of 13

Figure B-b.- Continued.
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K_I p

rI = r'f UI + rf ?1

7F= X4 U'2 + r T

v G = r"I - v 5

VF:T_-_

e=e_-

ql = a(1 - e)

I
VT = V G + VF

. V2

Page 13 of 13
Figure B-3.- Concluded.
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V N= VAV G+AIG+AV S

_ =_AW+V.+VAV_
RN=I NI

"AVG: _.
V_v_=v_
_= _N

Figure B-4.- Flow chart of subroutine AGSAG. Page 1 of 1.



].2]_

.i,

Eli
I

YE S

YES/_ 2_

NC

I CALL AGSAG ADVANCE LM ]VECTOR 2 SECONDS

F

[-_-_-_CARTL_L_1
L_(L)] I

R_L_:I_u I
SO.ERE_:1_11

I CALL 0PS OBTAIN ORBITAL JPARAMETERS FROM CARTLCL)

Figure B-5.- Flow chart of subroutine AGSKEP. Page 1 of 2



"I _)#h• ,r _:

®

CALL ELPRE IADVANCE CARTL(L) T i
SECONDS

YES

IN° i

_R"_'__= CART(2)
Lv--_l

_V= 0

.3RAV =- GRA' R(2)

'_lC = 2 • GRAV

i

CALL XYZTOE OBTAIN KEPLERIAN I

ELEMENTS, ELE(L), FROM CART(L) I

l

J,

'r

Figure B-5.- Concluded. Page 2 of 2
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iii

,#

(9

I
KDEL = KDEL MOD 3

DTMARK = TMARK(KDEL)

NDEL __KDEL + 2) MOD 3]
2

t
TMARK(1 ) = 130

TMARK(2 ) = 33

TMARK(3 ) = 150

INITRR = 2. INITRR

T = TSTAR T

YES

YES@

"1"

CALL AEG ]
ADVANCED ACTUAL STATE
VECTORS TO TIME T

"¼

T L = TSTAR T - 30
KDEL = 0
N: -1

I TMARK = TSTART - TL I

w

Figure B-6.- Flow chart of subroutine AGSRR.
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?
[VR LJ

CALL OBS
OBTAIN ACTUAL INERTIAL

LINE-OF-SIGHT VECTOR AND ANGLE
ERROR AT ATTEMPTED BORE SIGHT

1
ROTRR(1,3) = sin(BTM)

ROTRR(2,3) = cos(BTM) sin(THM)

ROTRR(3,3) = cos(BTM) sin(THM)

UREL= [ROTRR]%EL
CALL RRSMNB

OBTAIN ACTUAL ORIENTATION

OF S/C Z-BODY AXIS

Figure B-6.- Continued.
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0

'i
i

NO

CALL CPEM iOBTAIN AGS PLATFORM

ERROR MATRIX

T
A "-PEM • B

[A31]
_REL=_A321

LA33J

YES _M- 0

CALL FILTER

INCORPORATE RADAR
MEASUREMENT

INITRR = 3
CALL AEG
ADVANCE ACTUAL STATE

VECTORS TO TIME T

FigureB-6.-Continued.
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.l_2g

CALL FILTER

CONVERT ESTIMATED STATE
FROM AGS SYSTEM TO
INERTIAL SYSTEM

Page 4 of 4

Figure B-6.- Concluded.
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a

ALL PALIGN TO
BTAIN REFSMMAT

FOR THE DESIREr"

RUST DIRECTION

YES

YES NO_

lNO
CALL XESTAB TO

RETRIEVE XE, I

YES

NO

YE

NO

CALL PMATRX TO I
OBTAIN REFSMMAT IIT] FOR THE LOCAL
VERTICAL
ORIENTATION

Figure B-7 .- Flow chart of subroutine ALIGN.
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ES

NO

I CALL XESTAB TO OBTAIN IXE, I AND XE, J FOR THE PGNCS

1

CALLXESTABTOLOADXE, lAND XE, JFROM THE PGNCS INTO THE AGS

I
CALL XESTAB TOIOBTAIN XE, J

1
CALL PMATRIX TO

OBTAIN REFSMMAT ["F]

NO

CALL CBA TO COMPUTE THE AGS I
ACCELEROMETER BiAS MATRIX EB_ I

1
CALL CPEM TO INITIALIZE ITHE AGS PLATFORM ERRORS

Page 2 of 3

Figure B-7.- Continued.
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©

i CALL XESTAB TO
OBTAIN THE CSM
ESTIMATED STATE

COMPUTE THE CSM
ANGULAR MOMENTUM
VECTOR

H=R×V

1
CALL TRANCO TO OBTAIN RLS THE

SELENOCENTRIC LANDING SITE

POSITION AT TEVEN T

1
CALL LSALGN TO OBTAIN

REFSMMAT IT]

1
__ ISET THE COMPUTER ALIGNMENT 1-- TIME TO BE TEVEN T

!

CALL SETPLT TO INITIALIZE
THE PLATORM ERRORS FOR ITHIS COMPUTER

Figure B-7.- Concluded.
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©

©

9
REWIND DATA TAPES

ON UNITS 13 AND 15

INOMT = 0

NCASE -- 0

N'CASE = 0

CALL SUBROUTINE INPUT 1
TO BRING IN INITIALIZATION
DATA FOR THE CASE TO BE RUN

i
ISTATE = 0

K6= 0

K12 = 0

= MPT = 0
INITRR = 0

8#= o
88=0

KEVEN T = 0

SET THEJD, JV' AND KRNDFG

VALUES TO ZERO FOR BOTH

THECMC AND LGC COMPUTERS

Figure B-8.- Flow chart of AGAST driver AMAIN. Page 1 of 10



YES

WRITE REFERENCE
TRAJECTORY DATA

ON UNIT 15

PI
PROGRAM

CYCLE COMPUTE
A REFERENCE

TRAJECTORY

qCASE =

WRITE SAMPLE
TRAJECTORY DATA

ON UNIT 13: AVTo T

AND THE XTRA ARRA3

NCAS E = NCAS E + 1

VTo T = 0 i___=XTRA = 0

' "N' +CASE CASE

Figure B-8.- Continued.

page 2 of 10



_132

©

YNo ES

NO'YES

CALL SUBROUTINE

PROCES TO OBTAIN

CALL SUBROUTINE
SAVIP2 TO RESTORE
THEINITIALIZATION
PARAMETERS FOR THE

NEXT CYCLE

,I
I LEc --- 1 I

THE STATISTICAL
OUTPUT FOR THE

COMPLETED CASE

r

Figure B-8.- Continued.
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e

I'SAvE=Oi

IpE = IpE

IpE= 0 I

AVRE F = 0 I

j.._JESTABLISH THE PLATFORM ER-
ROR MODEL FOR THE NEXT CYCLE

I CALL SUBROUTINE SETRBS TO I
ESTABLISH THE ONBOARD TRACKING
ERROR MODELS FOR THE NEST CYCLE

t
CALL SUBROUTINE SETTHR TO

ESTABLISH THE THRUST MODEL

FOR THE NEXT CYCLE

t

_)_ ET Z_VMAN AND THE !RESIDUAL Z_V'S TO ZERO

t

YE S_NO

I-

CALL SUBROUTINE INPUT2 TO / CALL SUBROUTINE SAVIP2 TO I
READ IN THE INPUT FOR THE / RETRIEVE THE INPUT FOR THE INEXT EVENT AND STORE THE l NEXT EVENT

INPUT ON UNIT 1_5 1

Figure B-8.- Continued.
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13h

NO

=- NO

CALL SUBROUTINE SETTHR
TO ESTABLISH A NEW THRUST
MODEL FOR THIS EVENT

: TNEXT LOGIC _ITE V-- 4
(ITEv ?)ITEV = iI_

ITEV

TEVENT= TNEXT 1

SET TEVEN T EQUAL TO

THE CDH TIME OF THE
PRIMARY COMPUTER

TEVEN T= TNEXT + TEVEN T ]

Page 5 of I0

Figure B-8.- Continued.
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D

$

91

YES

1,
NO

Z
._,_ YES

1N°

CALL SUBROUTINE COMMPT

AND PRINT THE MISSION

PLAN TABLE FOR THIS CYCLE

ES

r

I,PE=_EiINOMT =

NO

SET TNEXT TO BE THE

TNEX T TIME FOR THE

COMPUTER DOING THE

TRACKING

r

Page 6 of i0

Figure B-8.- Continued,
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I SET AND EQUAL TO THE VALUES

JD Jv

STORED FOR THE PRIMARY COMPUTER

SET JD AND Jv EQUAL TO THE FSTORED PGNCS VALUES

©

I CALL SUBROUTINE PROPAG TO 1ADVANCE X A AND X E TO TEVEN T

LEC -- 3

I VECTOR

UPDATE

LEC = 4 =TRACKING

C=2

KD= 12 I

0

CALL SUBROUTINE REPLAC TO EITHER SAMPLE A
TRACKING COVARIANCE MATRIX OR TRANSFER A

STATE VECTOR FROM ONE COMPUTER INTO ANOTHER

ALIGNMENT

CALL SUBROUTINE ALIGN TO PERFORM THE
PLATFORM ALIGNMENT COMPUTATIONS

0

Figure B-8.- Continued.
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CALL SUBROUTINE AFLPN TO COMPUTE

XA, AND XE, 2 AT T ME TLO

1

__CALL SUBROUTINE MANEUV TO SIMULATE I

THE REOUESTED MANEUVER EVENT ]

YES

NO

I CALL SUBROUTINE COMMDT TO LOAD THE IMANEUVER INTO THE MISSION PLAN TABLE

I_VREP=_VRE_+_VM_NN_

I_VToT=_VToT+_VM_NI

.@.

I _ = TNEX T=ITNExT

Page 8 of 10
Figure B-8.- Continued.
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YE

N YES

).. 1
4_'r,'_,r_)% t.-'--..
___ I _,_,'__

TO SIMULATE THE REQUESTED
ONBOARD TRACKING

I
STORE THE VALUES OF

JD AND JV FOR THE

TRACKING COMPUTER
(LGC OR CMC)

CALL SUBROUTINE AGSRR TO

SIMULATE THE REQUESTED
AGS RENDEZVOUS RADAR
TRACKING

Jl,

Page 9 of 10
Figure B-8.- Continued,
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YES

L AVREF = AVMAN I NOT R = T E

I

ADVANCE ACTUAL

STATES TO T R

ISAVE X R, T R, AVRE g AND OTHER i
DATA FOR THIS REFERENCE POINT I

I

]NEXT = TNEXT

L2 = 2 - I ORB

J ISAVE = ISAVE + i I

ISAV 'sA VALOEI
i

CALL XESTAB TO

Io_TA'N×E,I1

NO

CALL PROPAG TO ADVANCE XA I
AND X E TO T R OF THIS REFERENCE

POINT

CALL XESTAB TO

RETRIEVE XE

XA, XE, AVMA N AND OTHERJ
WRITE

DATA FOR THIS REFERENCE POINT

ON UNIT 13

Figure B-8.- Concluded. Page 10 of 10
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YES

I

COMPUTE THE JULIAN DATE

OF THE BEGINNING OF THE
NEAREST BESSELIAN YEAR
(NBY)

C 1 = 86 400 (E - 1900) - 74.164
C 1

TjC= 2+ _/g 2-BI- i - 4AICI

TjD=36 525Tjc+J1900

CALL SUBROUTINE PRESS TO

COMPUTE [P] THE PRECESSION
MATRIX WHICH ROTATES FROM
MEAN COORDINATES OF NBY TO

THE MEAN COORDINATES OF DATE

CALL SUBROUTINE MANGLE TO

OBTAIN _', A_', A02 AND THE
ORBITAL ELEMENTS OF THE

MEAN SUN AND MEAN MOON FOR
USE IN NUTE

E=E+I

Figure B-9.- Flow chart of subroutine AMATRX.

]
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l.bl

I

?
CALL SUBROUTINE NUTE TO OBTAIN
[N] THE NUTATION MATRIX WHICH
ROTATES FROM MEAN OF DATE
COORDINATES TO TRUE OF DATE
COORDINATES

COMPUTE THE MEAN GREENWICH HOUR
ANGLE OF ARIES FROM NECOMB'S
FORMULA

8 = G1 + G2Tjc + G3Tjc 2

8= MOD (ej21")

1
COMPUTE THE TRUE GREENWICH HOUR I
ANGLE BY MEANS OF THE EQUATION OFI

THE EQUINOXES I
e = 0+ a_ cos(('+ A_') J

i
COMPUTE [R] THE ROTATION
MATRIX FROM ARIES TRUE OF
DATE COORDINATES TO GREENWICH
TRUE OF DATE COORDINATES

COS# SIN@ !]
[R]= -SIN@ COS@

0 0

COMPUTE CA]THE ROTATION MATRIX FROM
THE BESSELIAN REFERENCE SYSTEM TO
GREENWICH TRUE OF DATE COORDINATES

.r.A] = JR] IN] I:P]

Figure B-9.- Concluded.
Page 2 of 2
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T= INTEGER I_l

8 = MOD (0, 271-)

COMPUTE THE ECCENTRIC ANOMALLY

E= 2 tan L_-T-_-_tan

r

COMPUTE THE MEAN ANOMALLY I

1M= E-esin E+ 2TT

Figure B-IO.- Flow chart of subroutine ANOM.
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i_3

I CALL PARAM ANDOBTAIN a N, PN

e =_1 - PNaN

Rp-I+ e

RA - aN Rp

O

Figure B-If.- Flow chart of subroutine APSIDE.
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UZ = UNIT (RLM X _Q)

U"R = UNIT (RLM)

Uy = 0z X U'R

IR= VLM " UR

VH = _'LM " U'Z

INITIALIZE ASCENT

KTG 0 = 0

KDIR = 0

OQ = UNIT (VCSM x RCSM)

M-

GEFF- I_LMI 2

Y = RLM " UQ

VG(1) = XDD(I )-

VG(2) = XDD(2 )-

2
V
H

RLM[

GEFF TGO

2

VG(3)= XDD(3 )- V H

Figure B-12.- Flow chart of subroutine ASCENT.
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t

>

TG0 : T

TGO :2

<

TGO= VE -2VE/ -ATTo;LIMIT TGO_lr

KTG0 = 1

KDI R = 1

SGN = SIGN OF VG(3)

TG0=T i

All = In /1 --T--_/

= T_F TGO

D12 All

Figure B-12.- Continued.
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NO B=O

D21 = TGO- D12

__°_ (xoD(_}-_) {R_- I_LMI-_t_o),L,M,T-._<_<0
('_TGo- 02_)TGO

D _

D21 VG{2) - {YDD- Y- '_ TGO)

{.STGo- D21) TGO

-D12
A=

; LIMIT IDI <- 128,15

B- (XDD{1}- _)
All

D - VG(2)

All

Figure B-12.- Continued.
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A+B
AC(1)- _- + GEF F

C+D
AC(2) - lr

_/ 2 2 "AC(3)= am- AC(I) + AC(2)

_T = --UY-- AC

-U z-

AC(3) = 0

Figure B-12.- Continued.
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_[ KVR

Page 5 of 5

Figure B-12.- Concluded.
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.F

INTEGRATE THE POSITION THROUGH AT

£F + AT) = R (T) + AT IV (T) + gp (T)_+ '_-]

CALL AVGOBL TO OBTAIN THE VECTORS

(T+AT), gb (T + AT)

INTEGRATE THE VELOCITY THROUGH AT

V(T+AT)=V(T)+-_T [g(T+AT)+_p(T)] +A-V

_p (T 4- AT)= _ (T + I

Page 1 of 1
Figure B-13.- Flow chart of subroutine AVEG.
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EARTH

F-

L

i

OR-- UNIT (R) I

r2 _. l

LUNAR

=--"2- 2 J2E
r

FE OR+_ bg=--2

+ 2 cos @ Ozl

= --_2 OR
r

gb=O

Figure B-14.- Flow chart of subroutine AVGOBL.
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e,

' NTOTA L = 0

KS =0

LK=O

I

< >

NO

l
CALL TPASS TO COMPUTE
A TABLE OF CLOSEST AP-
PROACH TIMES BETWEEN

TSTAR T ANDTsToP FOR

THE L K LANDMARK

-._ YES__

Not

.._ LOAD THE CLOSEST APPROACH
TIME TABLE FOR THE L K LAND-

MARK INTO THE TTR K TABLE

Figure B-15.- Flow chart of subroutine CATIME.

i

NTOTA L = NUMBER OF ENTRIES I

INTO THE TTR K TABLE I

CALL ORD TO ORDER

THE TTR K TABLE IN

CHRONOLOGICAL
ORDER

Page I of i
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RETRIEVETHE_- ARRAYFORTHE
ACCELEROMETERBEINGMONITORED

bll = COS(,1_)• COS('13)
b12 =-SIN (e'12) -, COS (_13)

b13 = COS(_I_ ,SIN (_13)

b_-- S,NC'Q" co_C'_)
b_2--cos(._ • Cos(,,_')
b_3---COS('2])_S,N(,,_)
b_ -_,N(._').CO_(._
_3_= COS(,,_)• S,N(._)
b_-- COS(.3_• COS(,_)

__ _PGNCS

[BA] = I-B-]]

Figure B-16.- Flow chart of subroutine CBA.
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XMAx - XMI N
AX=

K
i=O

I

XTEST = XMI N + i -_ AX

S=O
j=O

I t

lJ--i+lb A

[0,!sI

I
s=s+l I

Figure B-17.- Flow chart of subroutine CDFUNC.
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IAC: 0

J=3,-I

IFLAG 1 = 0

IFLAG 2 = 1

IFLAG 3 = 1

i N=O

CDH

CALL ENCKE TO TCS I

OBTAINING RII' VII'

R'jI' V'J1

ROTATE THE ACTIVE VEHICLE INTO
THE TARGET VEHICLE ORBITAL PLANE

U= UNIT (R'j1 X V'j1 )

RII=IR'IllUNITERI1- (RII'U) U]

_,_=I_,_1o.,z[_,_-(_,_.u)_]
I

CALL CONIC WITH R'j1 AND VJ1 AND ADVANCE

TO TTp I OBTAINING R'j3' V J3

t
_1 = UNIT(U X R'I)

Figure B-18.- Flow chart of subroutine CFP.
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N>I5
YES

@
NO i

>1

FLAG3 =

YES

IAC =3

NO

11"

IFLAG 1 = i YES

IFLAG 3 = 3

IFLAG 1 = 1

V 1 = SIGN (989, VI)

= ! V'I1 = _11 + Vl " "hl

I VR = "RI1 " V'I1

Figure B-18.- Continued.

IFLAG3

IAC = 2

Page 2 of 9
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MULTI

CALL TIMEPWlTHO=359.99 ° TO

OBTAIN THE PERIOD Tp OF THE POST

CSI ORBIT

I
CALL APSIDE TO OBTAIN THE SEMI-LATUS I

RECTUM PI AND THE ECCENTRICITY e OF ITHE POST CSI ORBIT

PLE O_ APSIS

NoJ

FIND THE ANGLE q; TO THE
NEAREST PERIGEE

co__=(_/I_,_1-_)/o
sin kU- _-

I
CALL TIMEP WITH _ TO OBTAIN
AT THE TIME OF FLIGHT TO

THE NEAREST PERIGEE

I T YES

CDH- CSI- CDHk2/I-

_TcDH = TCSI + AT + (NcDH - i)(_) H N 0

Figure B-18.- Continued.
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CALL ENCKE TO TCD H _ ,,_ _ .._

OBTA,N,NG_,2'_,2'

Rj2'VJ2 _ }NO . _YES

I_=UmTCRj2XVj2)IICALLCON'CANDUPDATE'R'I'_'III',,_ '=7 I
IANDRal,Vj1TOTcDHoBTAININGI0 AC,- ,

ROTATE THE ACTIVE VEHICLE
INTO THE TARGET VEHICLE
ORBITAL PLANE

_,==I_,=iUMT[_,=-(_,_._)_]

tl-

f

OBTAIN THE PHASE ANGLEI#AT CDH

c°s_'=(_,2"R,J2)/In,21I_J21
s_,-,_=(1-cos2_,)

USING '_AND Sw CALL TIMEP AND

MOVE THE J VEHICLE TO PHASE

MATCH OBTAINING RjC, VjC

Figure B-18.- Continued.
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•%=+o+(+yo,_,,-C+_%)
+++,+,CEL)umTC?,+'_

Cl = Rt5 " UL

_2:_-l_J +1%t_

-_L_FRO M ELEVATION ANGLE SEARCHI
]_ OTHER i

Page 5 of 9

Figure B-18.- Continued.
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_J

<

No_

KI=-el+© I
K2=-Cl-_ I

)

0

"Vl =Z_Vl/2 !
Vl = Vlo - AV1 I

IAC = 1 I

COMPUTE THE PHASE ANGLE ERROR Y AT TPI

y = cos -1 [UNIT ('b) • UNIT (,Rj3)]

s=o "(_×%3)
y = SIGN (y, 5)

+
Y-YO

SL - Vl - Vlo

Vlo = V1

NO

YES

YES

Figure B-18.- Continued.
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0

Yo=Y IAV 1 = y/S L

NO_ N0

I _ -- SIGN [200, AV_I
r _1

]
Vl = V1 - AV1 I

I

I

oral
_v,:-_ls,..ll>,oU
V 1 = V 1 - AV 1

IFLAG 3 = 3

Yo=Y

NO

I =2
FLAG3

AV 1 = SIGN (10, AV1)

1
Vl0 = V 1

Y0=Y

IFLAG 2 = 0

V 1 = V 1 - AV 1

41

Page 7 of 9
Figure B-L8.- Continued.
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o

9
AT2=TcDH-Tcs I

AT 3 = TTTPI- TCD H

OBTAIN hp1 AND hp2, THE PERIGEE

HEIGHTHS AFTER CSI AND CDH

Ip

YES

YES

YES

YES

YES

<h .
rain

<h .
mln

K 2 < 600

_I IAC

NO_ YES

YES

_YES

AT 3 < 600
NO

_1 =7 H-IIAc

l
Page 8 of 9

Figure B-18.- Continued.
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b

Z=-UNIT_ -(_11)

_=-U"

X=YX.Z

AVcsI(I_V) = IX _ Z] m "hl

NO
i

=0
IFLAG1

I FLA G2 = 1

=0
IFLAG3

n-O

Figure B-18.- Concluded.
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e.

e

aI= aj-Z_HcD H

_ 2 1
V,I

U= UNIT (-Rj x _j)

VI = VH,I _ UNIT (0 X-RI)

+Vv, I Y_UNIT (RI

Figure B-19.- Flow chart of subroutine COE. Page 1 of 1



KTARG= ITEV= 2

NO

ATT0 L = 0
0-4

aTO L = 1 RAD

L_EN = 0

Iv= l

I=l

J=2

_J
1. RETRIEVE THE ACTUAL STATES XA, I AND XA, J

FROM THE AEG COMMON BLOCK AND STORE
INTO A SAVE ARRAY AT THE TIME T

EVENT.

2. RETRIEVE THE ESTIMATED STATES XE, I AND

XE, J FOR ICO M COMPUTER FROM THE SAVE

ROUTINE XESTAB

3. LOAD XE, I AND XE, J INTO AEG COMMON BLOCK
AND INITIALIZE AEG AT THE TIME T

EVENT

$
Figure B-20.- Flow chart of subroutine COMDKI.

Page i of i0
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4

Nx= Nll_ =I

YES = TCSI= TN2

TCDH-- TN3

i NX = N2 ]LEN LEN

> J,T:TNli=0_ TFA T

CALL AEG TO ADVANCE

XE, I AND XE, J TO THE

TIME T

I_AP°1
r

Page 2 of 10
Figure B-20.- Continued.
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NF
=1.5

H

9
t

CALL AEG TO ADVANCE X

AND XE, J TO TIME T
E,I

CALL TIMFAL TO COMPUTE THE TIME
OF THE UPCOMING APOAPSIS; I.E., TFA

CALL AEG TO ADVANCE XE, I IAND XE, J TO TIME TFA

NI = 1.0 1
NF = 1,0

ATTEST = TFA - THcL '

AT_ToL = ATTo L +

I_ --°-_i
t

CALL TIMAL TO ADVANCE OR BACK XE, I

ANDXE, J TO THE DESIREDAPSIS

Figure B-20.- Continued.
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b I TFA = TFA + ATcL I

CALL AEG TO ADVANCE

X E,I AND XE, J TO

TIME TFA

lUAp=U,I

NI =0 INF NX/2 =

CALL TIMAL TO ADVANCE

XE, I ANDXE, J TO THE

DESIRED COUNTER LINE

YES

®

_F

r<

_I =
- I TN1 TFA ]

Figure B-2O.- Continued.

TN2 = TFA

TCS I = TN2

NCD H = N3

Page 4 of 10



24_ = N21NCDH

NCD H=N2+N3 I

TCSI = TN1 I

TCD H = TN2 i
CALL RTCCSI TO COMPUTE
THE SOLUTION FOR EITHER

Nc1-NsR , N H- NC1, OR

N H - NSR

Page 5 o[ 10

Figure B-20.- Continued.
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KTES T : 2

TN5 = TCD H

AVN2 = AV I

Z_N5 = Z_ 2

:24

TN2 = TCD H

TNEXT = TN2

_Ni = _i

£VN2 = _2

:24

= 24

= 24
LEN

LE N = 22

KTEST = 2

NX = N2

$

KTARG: 0

FigureB-20.- Continued.
Pa.qe6 of 10
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STORE XE, I AND XE, J

AT THE TIME TN1

K =0

A_NI =

I NI =0

I NF = N2/2

T = TNI

UAp = Ul

I CALL TIMAL TO ADVANCE

XE, lAND XE, J TO THE

COUNTER LINE DESIRED

FOR THE N H MANEUVER

I I
CALL RTCCSI TO COMPUTE

THE NH-NsR SOLUTION

NO

Figure B-20.- Continued.

TCSI = TN2

TCDH= TN3

Page 7 of 10
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1. CALLPMISSTOCOMPUTE
THEPHASEMISSATTPI

2. -T< Aa<_r

<

8VI=O J
8a I Z_a

8V x 25

.0_ >

<
P

i>
,%
/

f

8V 2 = 8V x

8a 2 = Aa

8a2 -Sal

8V x=BV 1-Sa I 8V 2-8v 1

8V1= 8V 2

Ba I = 8a 2

_I_l=,,Vx]

Figure B-20.- Continued.
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1. LOADTHEPRE-NCIVALUES
OFXE, I AND XE, J INTO THE
AEG COMMON BLOCK

2. CALL PMATRX TO COMPUTE
THE LOCAL VERTICAL ROTA-
TION MATRIX _RLV]

3. AVBR = [BRLV] • AVN1

4.ADD _BR TO XE, I

5. INITIALIZE THE AEG AT TIME

TN1

Page 9 oF 10

Figure B-20.- Continued.
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TN2 = TCS I

TN._3= T CDH

AVN2'= AV 1

_N3 = _2

TEX = TN2

TNEXT = TN3

AVEX = _N2

_ 1.LOADXA, I ANDXA, J INTO

THE AEG COMMON BLOCK

2. INITIALIZE THE AEG AT

TIME TEVEN T

t
_/
-- I TEVENT = TEX J

t

,, J

TNS R = TNEXT J

I I V i
L

Figure B-20.- Concluded.

TEX = TN 1

TNEXT = TN2

_EX = _N 1

Page 10 of 10



YES

LOADAVExINTO]THEMPT

,1
LOAD TEX INTOJ_

THE MPT J-

NO

l

STORE DISPLAY

DISPLAY ALL
MANEUVERS
IN THE MPT

Page 1 of 1
Figure B-21.- Flow chart of subroutine COMMPT.
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P

X=O

XMAX1 = 1010

i :0t21

XR=O

I=0

r_l)=l__
___

c -T(tl)_(tl)
1-

c2-r_l)_(t_"_(_ -1

:: (1-c2)/r('1)

YES

0

XMA x = 7.0710681

NO

XMAx = 2_ I

i

=] "'MIN = - XMAX

IXMA X = 0

Figure B-22 .- Flow chart of subroutine CONIC.
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()

_ o_NO _

I 'ES 1

YES

YES

T D = T D - Tp

X R = X R + XMA X

T R = T R ÷ Tp

l

Ir

X=X-X R

q

Figure B-22 .- Continued.
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@

177

r

YES_

NOI=

Ix--X_Ax/_I

YES

' I_° I

ICALL KEP 1COMPUTE NEW T21 FROM X

T_:To-T_'I ?
ICALL STAYT I

Figure B-22.- Continued.
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Q)

I

CALL ITRATE
OBTAIN NEW GUESS FOR X

T21 T21

X=X+AX
I=l+l

Page 4 of 4

t1'

Figure B-22.- Concluded.
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(_3 SPHERICAL /

ELEMENTS/

CLASSICAL
ELEMENTS

N_>2

<2

CONVERT X (1) FROM
NAUTICAL MILES TO FEET

TYPE OF
ELEMENTS

(ISET)

NO

=0

CONVERT X (3) THROUGH X (6)
FROM DEGREES TO RADIANS

1

_IsE T : 4_ _)

_CARTESIAN

EMENTS

Page 1 of 4

Figure B-23.- Flow chart of subroutine CONVRT.
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I
CONVERT X (11, X (2), X (31 |
FROM NAUTICAL MILES TO FEET J

9
ELEMENT

UNITS

(ICON)

=5

4

! c--Vc°NC'c°N-2>I
I

CONVERT X (1), X (2), X (3) I

FROM EARTH RADii TO FEET I
I

1
CONVERT X (41,X (51,
X (6)TO FT/SEC BY
MULTIPLYING BY C

CART (L) = X

I AND METERS/SEC

I- 1

CONVERT X TO FEET AND
FT/SEC FROM METERS

Page 2 of 4

,J

Figure B-23.- Continued.



3_83_

<3 =5

4

CONVERT X (4) FROMNAUTICAL MILES TO FEET

YES__

CONVERT X (2), X (31, X (5), !
X (6) FROM DEGREES TO IRADIANS

t
_ I SPHERE (I_)=X
-I

ART_ kUNAR

I CONVERT, (L) FROM IGEODETIC TO GEOCENTmC I

Figure B-23.- Continued.
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YES

CONVERT X (1) AND X (2) I
FROM NAUTICAL MILES ITO FEET1

CONVERT X (3), X (4), X (5) [

I

AND X (6) FROM DEGREES F-TO RADIANS

RA=X (1)+ RREF I

IRp=X (2)+ RRE F

RA+ Rp
X (1) - 2

RA - Rp
X (2) -

RA+ Rp

l
Ix_,_-_o__x_,,x_ I

t
I's_T--_1

t
EL E (L)= X

Page 4 oF 4

Figure B-23.- Concluded.
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D

i

I KI2=KI2+ ii

>

<

>

_<_IK6:K6+II

[uvwxYz]"_i •ruvwxvz3TI

Page 1 of 3

Figure B-24.- Flow chart of subroutine C0VTAB.
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>,-
X

>,-

X

II II

r_

r_

-d

o

I

!
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ITYPE
:I

KD:12

dll

Figure B-24." Concluded.
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BRING IN THROUGH A COMMON BLOCK THE FOLLOWING

PARAMETERS FOR THE IcTH COMPUTER:

(1) PLATFORM INITIALIZATION TIME T
A

(2) INITIAL PLATFORM GYRO MISALIGNMENT ANGLES

°x,o °¥,o °z,o
(3) PLATFORM GYRO DRIFT RATES

ex oz

ex = ex,o + ex (T- TA)

ey = ey,o + ey. (T - TA)

eZ= ez, O+ 8z'(T-TA)

CALL ROTXYZ TO COMPUTE THE ROTATION
MATRIX [P(t)] CORRESPONDING TO THE

PLATFORM ANGLE ERRORS e x, ey, eZ

Figure B-25.- Flow chart of subroutine CPEM. Page 1 of 1
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EXTRAPOLATE V G 1V G = V G + bAT -

ALLOWABLE

YES

NO

CSM

[ AV=AV- bAT i

t

YES

COMPUTE TGO

_ [V--_]k4= 1+_- el_V

a lr

YES

NO

Figure B-26.- Flow chart of subroutine CROSP.
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I__ I

vGx_

CSM LM

YES

(_ INHIBIT I
STEERING I_,

;<STEE;_ = _I

YES

Figure B-26.- Conctuded.

1[
_to=UNIT_G)

- . 1 ['&-V UTA]UTA = UTA + 8 _]&--VI-

UTA = UNIT (UTA_

$

._NO

[_c=_,o_oo[U.,Tec)]]

Page 2 of 2
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CALLPROPAGTO_OVA.CET"EI
'PASSCOMPUTE.SEST,MATE01
STAT_STOT._T,_T0vI

CALL XESTAB TO RETRIEVE

THE ESTIMATED STATE XE, I

FOR THE IpASS COMPUTER

1
CALL PMATRX TO COMPUTE THE]
LOCAL VERTICAL ROTATION

MATRIX [BRLV]

a

A_BR = [BRLV]-I " A_LV

VE,I = VE,I + AVBR

I CALL XESTAB TO STORE THE NEW I×E,I AT THE TIME TDV

Page 1 of 2

Figure B-27.- Flow chart of subroutine DELTAVo
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TARGET
AV MANEUVER

(LEN =0)

YES

Ico M = IpASS
NO

CALL AEG TO ADVANCE

XA, I TO THE TIME TDV

1
I CALL AEG TO INITIALIZETHE NEW XA, I

Page 2 of 2

q

Figure B-27.- Concluded.



D

( EIoxE.
E/

R p = IT] RE

Vp m [T] _E

Fp = FMAX

IFLQG 0 = 1

IFLQG 1 = 1

IFLLG 0 = 0

IFLVF 2 = 1

IFLVF = 0

IFLLG = 0

IFLLG 1 = 0

12PH = 0

JLOOP = 1

T'=T

AFp :

G 0

Figure B-28.- Flow chart of subroutine DESCENT.
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z92

©

l sG= Moo I
CALL TRANCO AT TIME T'J

TO CONVERT _SG TO _SC J

-4
T'=T

>

BRAKING PHASE AIM CONDITIONS

TGO = L_TBR,AKE

IFLQG 0 = 0

JPHASE --- i

Page 2 of 14

Figure B-28 .- Continued.
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r e

RDG= RT' JPHASE

VDG "" V'r' JPHASE

_DG'- '_T, ']PHASE

JDGZ = JKT, JPHASE

_<2.]

_,,T_

_,,7_
r,,,j

- ',.s,'

Page 3 of 14

Figure B-28 .- Continued,
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© -I
VISIBILITY - PHASE AIM CONDITIONS

TGO = TGO + TGOAU G

IFLOG 1 = n

IFI. L_G1 = 1
I =O
FLI. G

JPHASE = 2

Page 4 of 14

Figure B-28.- Continued.
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qI_

©

©

I IFLVF 2 --iIFLLG I 0

_(_

VELOCITY - FOLLOWING AIM CONDITIONS

IFLVF 2 = 0

IFLVF = 1

iVo_
VDG I 0 /

Page 5 of 14

Figure B-28 .- Continued.



z_

Page 5 of 14

Figure B-28.- Continued.
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o

b

(_ TGO UPDATE

NpASS = 01

I

3 + 6ADGzT_o- 18 + 24RDG z-JDGZTGo 6RGzTGo - VDGZTGo-24RGz

ATGo- 3JDGzT_o - 12ADGzTGo+6RGz+ 18VDG z

TGO = TGO + ATGo

I NpASS : NpASS + 1 I

< >

NO

YES

I

Page 7 of 14

Figure B-28 .- Continued.
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ACG -

TGO -

QUADRATIC GUIDANCE EQUATION

_'CG=#'DG-61_G+_DG ) - 12(RG-RDG )
2

TGO TGO

VELOCITY - FOLLOWING GUIDANCE EQUATION

h--I_PI- I_,sl
VDG - VG

_'G

Ih - 15.1

< TGO= O" I
I

IpHAiE = J

Page 8 of 14

Figure B-28 .-Continued.
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b

_c_=[c__]_c_l_C_+d_-

I
FLIM ge

ALIM- WLM

2 2 2 2
AZLIM = ALl M - AFp x-.AFP Y

O.

_>

--i-
F= FFplge

C
WLM

- (_4AFp = UNIT

6

,..>_ 2 IAZI M : 0.

Page 9 of 14

Figure B-28.- Continued,



2OO

G UIDANCE-TO-PLATFORM MATRIX

= 4Rpp + _pp TGO

r UNIT [P'L s )

= (_LS xB)
_GP] l UNIT

LO.,T[R_×(R,_x_)]

Page 10 of 14

Figure B-28.- Continued.
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O

JLOOP = i

2 (RGz_ RIGZ)Q= Kx(RGx-RIGx) +KYRG+

ATIG =IRGz -q+ KX RGXI

T = T + ATIG

+.v(1 ol-V, v)

TFT P = T

<

EXTRAPOLATE Rp, Vp TO TIME
T WITH CONIC ROUTINE

Page ii of 14

Figure B-28 .- Continued.
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FC : FCMIN FC = FCMIN I

Fp : F63 Fc : F57

Fc :F63

I Isp = ISPTAB(J) 4-

ISPTAB(I) - ISPTAB(J)

FTAB(1) - FTAB(J)

Page 12 of 14

Figure B-28 .- Continued.



o5

9_

I

IFC = F631

T4 = T - TFT P

F c = FMA x + F'T 4 + F,,T 2

2
Isp = Isp 0 + Isp' T4 + Isp" T4

Page 13 of 14

Figure B-28.- Continued.



Fp-- FC

AFp

IMAIN= IMEDPS - 1

TIG: T-ATBp(IMAl.,OPS)+ArBpC1,DPS_

[fTBp IIMAIN, DPS!]
ATIN T = MOD 2.

<

YES//_ISTHIST_

_- -_LAST STEP BEFORE/_

_r IN0

I
ITo_¥-_A_0.__..U_TTA,.-OF_'O_'CI
i_o__T:Z_o__._ J

Figure B-28.- Concluded.
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20...5

,IP

im

JD
KD:_

3

i=O

I

NO

j=O

YES +

l=i+3j-3

AZj= [wilT .'bj

2. =Z+A2.

a=O; i=O

---I!--,+li

-_ .z.Ia = a+ Zj J

a=a+_ 2 }

Page 1 of 2

Figure B-29.- Flow char[ of subroutine DINCPI.
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i=O

Figure B-29 .- Concluded.
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o

_:NTE_
!

!
I

JD
KD ='_--

"zi7 "7i"

z21 .....;' I
i

t I t
I i I

i iZ:D-ZKD]
i

j=O

1
I

YES

_NO

I,=oI

li=,+iI=
V

v_s<_
TNo

I= i+9j- 9

wI = wI -¥-_Z._.
i j

'Page 1 of 1

Figure B-30 .- Flow chart of subroutine DINCP2.



2o8

YES

I CALL DINCP1 TO COMPUTE [8_] I

NO

XE' XE' 
82 = 82 + 82z

52 = 52 + 8_ 2

XE, z = XE, 1 [8_)!

_'i = _I + 8X2

A

,b

Page 1 of 1
Figure B-31.- Flow chart of subroutine DMESIP.



2c9

AI

91

XI

AEi = _;iTi

AM. = AE.
I I

/_2 = 0

--1-Cic°s (AEi)+Sisin (AEi)

Xll =- AE i- S i+AM i +C i sin (AE i

AE i = AE i + xll
X12

+ S i cos

]

AEi)

/J-2 =/z2 + 1

(--_i)1 A/ K12 / a _ _sin (AEi)_
f=

__ \ xi2 /
(I-Ci) COS (AE._ + S i sin (AEi)

_=
X12

ri = f r'-o + gV o

vi = Fro+g_o

Figure B-32.- Flow chart of subroutine ELPRE.
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ICOUNT : 0

JENTER : 0

CLASSICAL

CALL ETOXYZ TO
OBTAIN CART (L)
FROM ELE (l_)

SPHERICAL

CALL SPHELE TO
OBTAIN CART (L)
FROM SPHERE 0)

CARTESIAN

YES =-

CALL TRANCO AND CONVERT I
CART (L)FROM PLANETARY ITO INERTIAL COORDINATES

J

SET RCON AND Vco N EQUAL F
TO THE POSITION AND VELOCITY
RESPECTIVELY OF CART (I._)

1

Figure B-33.- Flow chart of subroutine ENCKE.

=1

T>
=0

Page i of lO
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J

©

Ir=O

#o = #CON

TO= _CON

i s=

_S =

t
T* {L) = TIME

RO* (L)= RO

_'0' (L) = V'O

(L)= _S

R'_;ON(L)= _CON

rV_oN(L)= VCO N

T* (L)= 1"

_'_:_o_+_ 1

YES

_No

TO PLANETARY COORDINATES

CALL XYZTOE TO I-
COMPUTE ELE (L)I

t
[ CAL'SP.ELETOICOMPUTE SPHERE (L)

6
FigureB-33 .-Continued.

Page 2 ofI0
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©

©

RCON = RCON (L)

VCON = VCON (L)

RO = R_) (L)

_o = _)(L)

8S = g* (k)

-_S = _*(L)
T = T* (L)

JD = J_)
•r= "r"<(L)

--[ g= _S

AT

YES

YY=Io,_-] CON13/2 _'_

Figure B-33.- Continued.

AT = 4000Y

Page 3 of i0
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2z3

@

YES

IATI >YY

NO

°

I&TI < 5

ICOUNT >2

YES

I AT=y "YY!

YES

,IICOUNT = ICOUNT

t

J

(I_CON. VCON)> 0 YES

NO

RCONI> RF NO

YES

JENTER > YES

I JENTER = 1 J

t

i PRINT T, TIME AND A REENTRYMESSAGE FOR VEHICLE L

Figure B-33.- Continued.
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2,14

©

TEST ---
IRco.I

No
RECTIFY:

R'O= _'CON+ _

TO = _CON + _
I

R'CON = _0 _"

_CON -- TO

_=_
_=_

ir=O

I _F--_ l--

I H=O

--'- J=l

A=8

NO

Page 5 of 10

Figure B-.33.- Continued.
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I _=_co.+_I

___ =0

I bu,=_ I
+

C°)1UZ= 19 _

EARTH

CALL TRANCO WITH Uz AND ROTATE
TO SELENOCENTRIC COORDINATES

OBTAINING UZR

+
CALL TRANCO WITH R AND ROTATE
TO SELENOGRAPHIC COORDINATES

OBTAINING Rpp

cos_= UR • gZR

'COMPUTE THE LEGENDRE FUNCTION',

P2 = 3 cos_

t (is cos2 +- 3)P3 ='_

P4 =_-(7 cos * P3 - 4P2)

1 _ 5p3)il P5--T(, 9c°s_P4

Figure B-33.- Continued.

q UZR=OZ !

Page 6 of I0
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% F Ao_p

?
I_°Mp=oI

i

SUM THE DISTURBING ACCELERATION OVER l

Ji' i:2,4)

- - I_1 _ -
ADMp=ADMP+Ji (R-'R--_FEF)[Pi+l UR- PiUz

., EARTH _LUN _R

ADD THE ACCELERATION DUE TO J22

RURZ = UR x UZR

_D=._e_ [_ f I_l ,_2 _4 ×_ -

+_--_-[(_co_,,,_3)_._ _o_,_z,,]
x2 + y2

_ TRIAX

ADD THE _CCELERATION DUE TO J31

cj31= 2 I_I2 \R--_EF)

'%1 _(1 70o-_'_/_= - _ 'f'J I_1

Aj31(1)= A,j31 (1)+5 cos2_ - 1

Aj31 (3)= Aj31 (3)+ lo×z/l#l 2

_J31 = [pNL]-I Aj31

_D = _D + Cj31 _J31

Figure B-33.- Continued.
Page 7 of i0
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I

Ap --'A- 2"R

_p.

Q- IRF

[3+3Q3

- -_ (FO.+A+%)

1

F
J=J+l .

_=_+H _+H'Ap_

"OR--U NIT (-Rj)
-_,, [_(_. _)_- _]

NOJ_ YES __

m _

•-i_::>N°

YES

+ AT/2

T= T +AT/2

CALL CONIC AND ADVANCE RO' _0

THROUGH _"OBTAINING RCON' VCON

Page 8 of 10

Figure B-33.- Continued.
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l IxK_i_+2xK,2_1_T]_T_= _+[_+_

g= _+_--[XK(1)+4XK(2)+XK(3) ] AT

!

0

JF=O

II:JD+I

I I -- I I -1 /

/

j-,_-_-w_(,,+_)

wB (',+9) =-_

Page 9 of I 0
Figure B-33.- Continued.
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8
I

SAVE ELE (L) I
FROM THE AEG I

1
J LOAD CART (L)FROM ENCKE INTO ITHE AEG AND ADVANCE TO TIME

LOAD THE ADVANCED CART (L)
BACK INTO ENCKE

RELOAD ELE (L) IINTO THE AEG

Figure B-33.- Concluded. Page 10 of 10
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YES

CALL TRANCO AND ROTATE THE INPUT POSITION
x, y, z INTO SELENOGRAPHIC COORDINATES

|

COMPUTE THE ACCELERATIONS DUE TO J2' J3' AND J4

_/x 2 2 2' r = +y +z

_;= - P--._..3y:
r

_= _ £:...E._
3

r

Figure B-34.- glow chart of subroutine EPERT.

Page 1 of 2



22.1_

ADDTERMS

_= x+_---_3
r

r

_= _+_
r

_l Y ES

N0

DUE TO J22

3J22 - 5 _ 2
r

(_
r

ROTATE R, _}, _; BACK TO
SELENOCENTRIC COORDINATES

I

Figure B-34.- Concluded. Page 2 of 2
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CALL RANNO TO GENERATE A ]
THREE DIMENSIONAL RANDOM

VECTOR

_X = 8SXT x + f/1 " °'SXTx

Cy = 8SXT Y + 'r/2 . O-SXTy

_Z = [}SXT z + _/3 " °'SXT z

CALL ROTXYZ TO COMPUTE THE ERROR

ROTATION MATRIXEE]CORRESPONDING

TO THE OPTICALINSTRUMENTISANGLE

ERRORS

O=[E]'OSXTI

IP

Figure B-35.- Flow chart of subroutine ERRSXT. Page 1 of 1
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41.

II

Q

[e--TACe,M_]
i

RI = l+e cos 8

1

z= I_I sin (g+6)sin. i

I

Page 1 of 1

Figure B-36.- Flow chart of subroutine ETOXYZ.
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_( UNIT [9 × R]

F_ -UNIT [R]

ROTATE AV (.LV) BASIC REFERENCE

COORDINATES - [0 Y 2] A--V (I._V')

1

IAvos=,,-_._1

[_TA_L';--_T_"_-P_vtECO_'_ON_TO_I
1

COMPUTET.EBURNARC

FC'ENG''VE_
ATp =

W E

IR x Vl IAV (LV)I

@T = ATp

ROTATE AVp THROUGH OT/2

A-Vup = UNIT (AV'p × Y)

A-Vvp=UN,T(_p)

r /86 e T _

1
VG AVc

Page i of 1

II

i

Figure B-37 .- Flow chart of sut)routine EXDV.
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Ib

llJ-

©

CALL AGSKEP I
ADVANCE ESTIMATED STATE
VECTORS TO TIME T

YES

-_< [A] -- IZI_ = Zbx

IKFLAG = 0

YES

CALL AGSKEP I

ADVANCE ESTIMATED STATES

TO TIME T

T=T+16 16

XDT = XDT +

_= To-7

R=I_I
_ "_
ZbD = "_

©

©

Figure B=38 .- Fqow char( of subroutine FILTER.

Page 1 of 8



P11 = Pll +

P12 = P12 +

P13 = P13 +

P14 = P14 +

P44 = P44 +

P22 = P22 +

P23 = P23 +

P24 = P24 +

P33 = P33 ÷

P34 = P34 +

P21 = P12

P43 = P34

226

}--

U I = -r-

E

j25 = 0

2 5 213
P13 +

24 /P14+ P23 )

24 /P33 + aP11 + cP12 )

24 (,P34 + c Pl1+ JPl2)

25/cP14+JP24)+2 -7

25 213
P24 +

24 /P34+ aPl2 + cP22 )

24 /P44 + cP12 + JP22)

25 (aPl3 4-cP23 ) + 2 -7

216 laP14 + cP24 + cP13

-_111

Page 2 of 8
Figure B-38 .- Continued.
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b

P!1-P22-K2

_6

P35 = P44 = _'4tl=j26

- r e X V c [

Page 3 of 8

Figure B-38 .- Continued.
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I ATI_] F

AT2± / =

AT_J

AT25/

AT33 _

AT,2]

A22 /

;2J

F-xT
_ ....0._

-I_ xTI

r ATI3 l

=/Am_q
LA_J

ATIII

× IAT_II
LA_d

-4
TI=T

1

72 =7" c

q 2 = V c

7= EAT] T 71

T c = [AT] T 7"2

Vc= [AT]Tv" 2

4

Figure B-38.- Continued.

Page 4 of 8
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w

Ib

?
KA(1) = u

KA(2) = u

INITRR = 1

CALL AGSKEP
INITIALIZE AGSKEP

ar 1 = ji7 _ _

ji7 = 0

qi2 = u

q22 = i

Mi5 = -ajlbD

Mi4 = -aj_bD

L12= L22 = L52= L42 =0

LI1 = PI1M11 + P21M12 + PtsM15 + P14MI4

L21 = PI2Mii + P22M12 + P25M13 + P24M14

L:51 = P15Mll + P23M12 + P_]M13 + P34Mlq

L41 = PI4MI1 + P24M12 + P4_M15 + P4_Mt4

6
q±l TM A = MIILII + MI2L21 + MisLjl + Mi4L4i + K 8

Pmje 5 of 8

Figure B-38 .- Continued.
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©

tl:t

A r l : RX_':_- N_

ry = ry -I<_Ar 3

6Ar5

Vy = Vy + Kb '-_'--

6 2 2 6

qll = P11 - KIO a51hD + RZ K9

o 2 2 6

q22 = P22 _ KIO aj_bD + RX K9

q12 = Pl2 - RxRzK9

2

A = ql±q22 - q12

Lll - -Pzz'_ L21 = -Pi2 _' L._i = -P13

L41 = -P14 _ L12 = P21 _' L22 = P22

L32 = P2)' L42 = P24

r X rx_ hllAr 1 ' h£2Ar 2

rl = rz-- h2iAri i b22Ar 2

V X - V X _ 113£Ar 1 • !)32Ar2

V I V Z ; h41Ar 1 _ h 2At 2

POqL _ of

4

Fiqure B 38.- ContHluc{!.
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iP,'

2.3]

Pll

P12

P13

P14

P22

P23

I

= PII - bil

= PI2 - bll

= PI3 - bll

= PI4 - bll

= P22 - b21

= P23 - b21

P24 = P24

P33 TM P33

P34 TM P34

P44 = P44

P21 = P12

P43 = P34

j18= 0

- b21

- b31

- b31

- b41

LII+ b12 LI2

L21+ b12 L22

L31 + b12 L32

L41 + b12 L42

L21 + b22 L22

L31 + b22 L32

L41 + b22 L42

L31 + b32 L32

L41 + b32 L42

L41 + b42 L42

KFLAG = 1

YDT = DTMARK
KA(2) = 0
CALL AGSKEP
INITIALIZE AGSKEP WITH
UPDATED VECTOR

Page 7 of 8

Figure B-38 .- Continued.
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R_= I_

rl-r

V 1 = V

r 2 - r c

V 2 = V c

F = EAT] 7"1

rc = [AT]T2

Vc = [AT] V 2

@

KA (1) -- 0
KA (2)= 0
CALL AGSKEP
INITIALIZE AGSKEP
INITRR = i

Page 8 of 8

Figure B-38 .- Conch,deal.



2.33

Q

_i= I_iI
_2=I_21
- = _]/'r/IU'r/I

- =_z/_2U't/2

cos_= U.t/1 U,r/2

N = U.r/ XU.t/
1 2

,io4,=sc I_l

YES

ION = _/sin¢

Page 1 of 1

Figure B-SO.- Flow chart of subroutine GEOMET.
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DAYS, HOURS, MIN
AND SEC TO SEC

1
T = 86 400 DAYS+ 3 600 HOURS

+ 60 MIN + ,EC

s,_cA%OA_, ,,ouRsl
I ,--T-r,oI

HOURS = INTEGER I_-_l
T = T - 3600" HOURS

MIN = INTEGER I_oI

SEC = T - 60- MIN

HOURS, MIN, SEC _

HOURS = HOURS + 24"DAYS DAYS, HOURS
DAYS = 0 MIN, SEC

4

Figure B-40.- Flow chart of SLiI)routine GMTIME.
Page 1 of i



2.35

0

U

©
©

NO

READ IN THE 6 BY
6 MATRIX [B-]

@

k=ko,'_
2

L= kD

m=[

YES

READ IN THE UPPER TRIANGULAR

VALUES OF THE 6 BY 6 MATRIX EB]

NO

NO .........___

Figure B-41.- Flow chart of subroutine INCOV.

Page I of 3
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©

STOREB IN ITS PROPER
IJ

LOCATIONS IN THE ARRAY C

iA=i+6(m-1)

jA=j+ 6(n-l)

kA= iA+ kD /JA - ]-)

LA=JA+kD /iA -])

CkA = Bij

CLA -- Bij

= n+ 1

Figure B-41.- Continued.

Page 2 of 3



2.37

Ib

=0

I"
I WRITE k, L, c lON UNIT 15

_0

I CALLCOVTABTO STORE C

iP

IL ii

Page 3 of 3
Figure B-41 .- Concluded.



2,38

- =RTRT 2

X = COS E

N2= -1

-H = UNIT (R x V) / \_-u,,__o_.°,,__°_/

PROJECT THE TARGET VECTOR INTO THE ORBITAL

PLANE OF THE MANEUVERING VEHICLE

I F2

II=R

--°1

>( RT2 ]

YES

©

Page 1 of 2

d

Figure B-42.- Flow chart of subroutine INITV.
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SET SG WHICH INDICATES IF THE

TRANSFER IS GREATER THAN 180:

s_--s,_[_t__]

CALL LAMBRT TO OBTAIN VT THE REQUIRED

VELOCITY OF THE TRANSFER ORBIT

YES

INITIALIZE ENCKE WITH R, V T AND

PROPAGATE TO T2 OBTAINING RF" VF

IN2=N2+I I

YES

_NO
o_T T_TV_CTO_
%=%- [_F-_T]_T_

Page 2 of 2

Figure B-42 .- Concluded.
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CALL AMATRX AND

COMPUTE [A]

t

CALL INRTCC TO READ

IN THE VECTOR PACKAGE

FOR VEHICLE L

CONVERT THE OCTAL I
i

VECTOR X(L) TO i'--1108 OCTAL

I

I

READ IN THE I

3ASE DATE I
+

CALL SETPC AND INITIALIZE

THE PLANETARY CONSTANTS

BASED ON THE VALUE OF '\R"EF

READ IN KORIN (L)

ISE T (L), ICO N (L), ITIME (L)

t READ IN THE ITIME OF X_)

t
CALL CONVERT AND CONVERT

&)AND LOAD THE CONVERTED

STATE INTO THE AEG

1
IL=L+ll

NO

I
CALL TAPEUP AND I
INITIALIZE THE IJPL EPHEMERIS

I

READIN THE REFERENCE I

STATE VECTOP X _) I

FigHre B-43.- Flow chart of siJbro.tine INPUT.

Paye i of i
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o

I READTHE COMMENT CARDS I
AND THE PROGRAM
INITIALIZATION FLAGS

1
CALL INPUT TO READ IN THE I

m

INITIAL REFERENCE STATES I
1

I CALL OUTPUT TO DISPLAY THEINITIAL REFERENCE STATES

t
BRING IN THE INITIALIZATION DATA BY READING THE INPUT
BLOCKS A THROUGH H FOR WHICH THE INITIALIZATION
FLAGS ARE NON-ZERO

BLOCK DESCRIPTION

A
B

C
D
E

F
G

DRAG MODEL

INITIAL STATE PERTURBA-
TION MODEL
PLATFORM ERROR MODEL
ENGINE MODELS

RR ERROR MODEL
SXT ERROR MODEL
LANDMARK TRACKING ERROR
MODEL
ASCENT AND DESCENT DATA

READ BLOCK RESET TO
SEE IF ANY OF THE ABOVE
DATA IS REDEFINED BY

NAME LIST INPUT

J STORE INPUT 1 DATA ON UNIT 15

Figure B-44.- Flow chart of subroutine INPUT 1.

Page 1 of 1



242

OF BLOCK EVENT

STORE BLOCK EVENT
DATA ON UNIT 15

YES

I READ BLOCK I-'-- NEWTHR

STORE BLOCK NEWTHR
DATA ON UNIT 15

MANEUVER/ EVENT

LEC 1 DATA LEC 2 DATA LEC 3 DATA LEC 4 DATA

I STOREBLOCK ] I
LEC i DATA
ON UNIT 15

STORE BLOCK I STORE BLOCK

LEC 2 DATA I LEC 3 DATAON UNIT 15 ON UNIT 15 STORE BLOCK
LEC 4 DATA
ON UNIT 15

Figure B-45 .- Flow chart of subroutine INPUT 2.

Page i of I

41

11
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I READ IN STATION ,°I

I READINLIFT-OFFT,ME,.I

READ IN VECTOR TIME I

I READ IN VECTOR REV NUMBER ]

b

I READ IN STATE VECTOR I
I

i
IREAO_ VEH,CLEWEIGHTI

Figure B-46 .- Flow chart of subroutine INRTCC. Page 1 oF I



2_4

F
AZ- Y-Y' YERR

NO

NO

YES
r

F_

_ 1 N°

-]
_z_s,GN(,ERR)'_Z'I

YES _NO

NO

_z--s'GNC'ERRKC'max-'m,°/I

._J

_F
l_z--.9(,,,,io-z)l

Figt,re B-47.- Flow chart of sul)roul_ine ITRATE. Page 1 of 1
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o-

W-

JYEAR = ByEAR - 1964

L = JYEAR/4

COMPUTE THE JULIAN DATE TjD AND THE

NUMBER OF JULIAN CENTURIES TjC FROM 1900

TjD= _65 JYEAR + L + DM + BDAY + J196_

TjC= TjD-JI900
36 525

Page 1 of 1

Figure B-48.- Flow chart of subroutine JDATE.
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CALL AEG TO ADVANCE THE STATE
VECTORS IN THE AEG COMMON

BLOCK TO THE TIME TTp I

1
I CALL THETR TO COMPUTE 8TPi, ITHE PHASE ANGLE AT TPI

RI= Rj- AHD ,/'-

8D _- _D- SIN-1 RI

A8 MOD _'_TPI- 8D'

NO

0

KNS R = 6

Figure B-49.- Flow chart of subroul:ine JOCDH.

Page 1 of 2

4
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0

IAe I = Ae I

8t i 0

St = 30 sec2

A8 2 = A0

8t
_h82' 8tI-A8 I. 8t2

AO 2 - A81

A81 = A82

8t 1 = 8t2

8t 2 = 8t

I TSAVE = TNSR + 8t2 IKNS R KNS R + 1

8t2= SIGN 8tMAX, 8t2) I

Figure B-49.- Concluded.
Page 2 of 2
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T21 =

cc(")= i/2

S(_")= 1/6

7S = S(_')

SM=2
i

Yc= -Ys/SM"

Ys: _c/(SM+1)
c(_)= c(_)+yc

s(_') = s(_) + _,s

NO

IC x2 l x2 S(_)+1 C( _" ) -_ x C2 •

NO

PRINT NON-
CONVERGENCE
MESSAGE

Page 1 of 1

Figure B-50.- Flow cl_rt oF subroutine KEP.

4
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b
!l °_
RT2 - RT

TF = T2 - T

CALL INITV TO OBTAINV T

THE DESIRED VELOCITY OF
THE TRANSFER ORBIT

COMPUTE THE VELOCITY TO BE GAINED
AND THE DESIRED THRUST DIRECTION

V G = V T -V

I,,

r

TF "-T2 - TI

CALL ENCKE TO TI 1TO OBTAIN "RAND-V"

CALL INITV TO OBTAIN V T THE DESIRED
VELOCITY OF THE TRANSFER ORBIT

Figure B-51 .- Flow chart of subroutine LAMAIM.

Page 1 of 2



2,50

2

-(U,-D. _)C

"Q= C B - D"0TD

ATM = WE

@N YES

0

YES

COMPUTE THE DESIRED

THRUST DIRECTION

UTD = UNITI_ - _,_TQ-OTD]

I ATM

+
= ENO" ATM I

|

I
I

Page 2 of 2

14m

Figure B-51.- Concluded.



0

'W-

IT I = TEVEN T
N=I' !

CALL TRANCO TO OBTAIN
THE SELENOCENTRIC

LANDING SITE VECTOR

RLS AT TLO

I CALL THE AEG AND MOVE IZHLcsMToT,OBTA,N,NG
R, V

I_:o_,_I__U H UNIT N '/

SW= i

t
PROJECT THE LANDING SITE
INTO THE ORBITAL PLANE

OLS: _,s- (_N"_LS_ON

1
O,s:ON,__,0
.=cos-_s.o_I

Figure B-52.- Flow chart of subroutine LOPC.
Page 1 of 4
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(

NO

YES

< .0005

NO

Figure B-52 .- Continued,

Page 2 of 4
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II

I_-_--_.×o-_I

<0

CALL TIMEP TO OBTAIN T3 THE TIME I

IREQUIRED FOR THE CSM TO PASS
THROUGH THE ANGLE e

l T _--T -i- q T I'I 'I ' _W'3

I
i_-.+_i

Figure B-52 .- Continued.
Page 3 of 4



2'b4

FIND THE WEDGE ANGEL BETWEEN THE
PRESENT AND DESIRED CSM PLANES

I

COMPUTE THE MANEUVER _1

_,-_,_o,_.+_.,_,]I
&-'-V-'- V'N - _' I

1
[_,v--E_,v_l_1

Page 4 of 4
-p

Figure B-52.- Concluded.



2...5..5

tl.

II,,

u-ON,t?,s]
w=UNIT[.×rUS]
V=WXU

J
_V T

Page 1 of 1

II

Figure B-53 .- Flow chart of subrouf.ine LSALGN.



2D6

CA,LPMATRXTOCOMPUTE[BR,V]
CORRESP_O.DI_.GTOTHEINPUTSTATE
VECTOR RO, V 0

YES

=Ro

=_0

[p]--[BR,v]-I

I

= LP]" __V

[P]= [BR,v]

l"

Figure B-54.- Flow chart of subroutine LVLHDX. Page i of i
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SET INITIAL PARAMETERS

JFLAG = 1

L 2 = 2 - IOR B

J=3 -I

JD = JD

JD=O

_T=3

KTOFF = 0

KUL = 0

Np : i0

ISTBR N = 0

INIT= 0

IMD C = -2

CK= 0

8Tus = 2

IpH= 1

TGO = 1020

IONOF F = 1

ISTAG E = 0

ISPLI T = 0

KSTEE R = 0

AVTOTA L = 0

ATBURN : 0

W

NO = I KUL =,]

Figure B-55.- Flowchart. of subroutine MANEUV. Page 1 of 26
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NO

@ -J 1_°_ THRO T = 0

ST= 2

NC=4 =

[_' YES _ NO

'.A,__ ,_,_=,_(,_._-i.'I
C= 0 F A = FA_(IMAIN , IENGM 1, I)

'_A='sP_"' 1,,, 'S_A_'S_A('_'"''_"_''')

: _T__...... ('...... '_I I

_TTALL-OFF- _' TAIL-OFFk'ENG'') I J,
__ .i:: WE(I)AJ ,

• = ' t

I

Page 2 ef 26

Figure B-55.- Continued,
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CALL TARGET TO COMPUTE

THE MANEUVER AND SET THE

GUDANCEFLAG FLAG

r

'E > 0 YES IST

NO
r

=1
r

__o)
YES

>
ES

_o

_o
YES

..__ MpGNC S = 0 !
MAG S = 0 j

CALL THE AEG AND ADVANCE

THE CSM ACTUAL STATE TO

TEVENT

CALL THE AEG AND ADVANCE I

THE LM ACTUAL STATE TO ITEVENT

Pacje 3 of 26

Figure B-55.- Continued.



26,0

CALL XESTAB AND

OBTAIN XE, I FOR

COMPUTER Ico M

I MpGNC S = 1 ITE = TEVEN T

CALL XESTAB AND

OBTAIN XAG s FOR

THE LM

MAG s = I i

TAGS = TEVENTj I

I'VToTAL:

I CALL DELTAV TOAPPLY THE MANEUVER

CALL XESTAB TO

OBTAINXE, I _,FTER
THE MANEUVER

=i
r

ENcKELOADxE'I INTO I

LOAD XAG S INTO
AOSKEP

_I ALL

_//GU DANCE _ OTHER

IMPULSIVE _ /

S Ie ULATION_ TAERN_M_, _E RT

CALL XESTAB AND

OBTAIN XAG S FOR

THE LM

l
T_G S = TEVEN T

CALL XESTAB AND I

OBTAIN XE, I FROM

COMPUTER 2

IMpGNC S : 1 1
T E = TEVENTj

Page 4 of 26

g

Figure B-55.- Continued.
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=0

CALL SPLIT TO SPLIT THE

BURN OBTAINING TEVEN T

AND &'_'EX

CALL XESTAB TO OBTAIN IXE, l AT THE NEW TEVEN T

CA,-L_×ovTOO.TA'"_ I

?
s_Tt._'A_BE.T_0,O_C_
CYCL,.GF,-AGS_ ,_-I-NMAX--'NTEGEROOP
N = NMA x -i

CALL AVGOBL TO OBTAIN

5"_b

I CALL LAMAIM TO IOBTAIN V'G

_.,-o--o,,TC__I
TIG= TEVENT I

Page 5 of 26

Figure B-55.- Continued.
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• YES _] _AFBO _TA_OR T - T E

. t

Fiuure 13 55.- Continued. Page 6 of 26
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0

P

a

CALL DESCENT TO

OBTAIN TGO, IMDC,

FD' ISP D' '_T (TIG

IS COMPUTED WHEN

IMD C = -2)

IO,o=UMT( T)I

SET UP THE DESCENT

PARAMETERS BASED

UPON THE JUST COMPUTED

TIG TIME

T E = TIG - Z_T_p (1, 1, 2)

TABOR T = TIG + BTABoR T

TSTAG E= TIG+ _TsTAG E
i

1
I ADVANCE THE ACTUAL STATE 1

IN THE AEG AND THE ESTIMATED

STATE IN ENCKE TO T E

I

CALL AVGOBL WITH X E I

AND OBTAIN _, gb I
1

I CALL ULLDIR AND ADD EFFECTS
OF ENGINE CANTING AND GIMBALING

TO UTD

h

I I CALL ASKEP TO MOVE /

XAG S TO T E

Figure B-55.- Coe, th'med. Page 7 of 26



2_

4

CALL XESTAB

AND OBTAIN XE, I

I CALL XESTABANDOBTAIN XAG S

I TE=TEvENT I

IOR B = 0L2=2

ISE T (L)= 2

IFp C = 0

TGO = 370 SEC

IFLVP = 1

KUL = 0

YES_

Ii CALL XESTAB ITO OBTAIN XAG S

I CALL XESTAB TOOBTAIN XE, I

INITIALIZE THE ABORT PARAMETERS FOR ASCENT

VH=Ko (IENGM,) +K1 ('ENGMI) 8TABoRT

+l< 2 (IENGMI) 28TABoRT + K3 (IENGMI) 3_TABoR T

TGO = T E - TIG

P

Page 8 of 26
Figure B-55.- Continued.
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ASCENT
GUIDANCE

)TE+

cALL AVGOBL AND

oBtAiN _, _b

ISTAGE

=#0

IONOFF -- i

_T=2

LEN-- 14

LSA = 0

LSE = 0

i.FLAG = 5

Page 9 o[ 26

Figure B-55,- Continued.
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©

YES

9
CAN G -- UTA' _'t'_TFt]

NO

YES

L

H1 -- AT X UTA ]__
V1 RpGS X HII--

+ _

=-2
t cK 1

Figure B-55.- CoHtilmed.

NO

Page I0 of 26



267

&

0

I'AGS TEXl
AGSGO,OANCE

CALLAGSKEP TO TAG S

OBTAINING XAG S

I

_AGS-= XK12 =- J

KAGS 13 KAG

lo,G: 2._-AGs
I

(__)._ CALL AGS TO OBTAINV G, A T

RCS/_..^..._APS OR DPS

TGo TGO- -_

,,IO

Page 11 of 26

Figure B-55.- Continued.
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TUt<N ON AVLi',AGE -(_ (;Ub)AN[ E

AT TIC - 3U AN.) ADVANCE 2TALES

]0 ULLAGE ON

i
TXU S = ,:,/. -_.1-6p(1 , IECM1, ]

i

=i

f

I TXU S 3.', SECT E: TIG-30 SEC

r' '

, CALL ENCKE AND MOVE

_: XETCT E
i

1
CALL AVOO{_L TO1

I GBTA N _, Til)

CALL AVEG AND ADVANCE I

i

X E THROUGH _]US F----

i xu S= TXU 3 -STusT E = T E + 8Tus

J o_,_,Nh ]

.J
Pn, ]_2 of 2b

F,itlre U 55.- ColIurmed.
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0

D

S_ =0

=l

CALL AGSKEP

AND MOVE XAG S

TO T E

XK12

- = __

gAGS I_AOSI3 "AGS

6,G= 2. JAGS

CALL AEG AND

ADVANCE XAj I TO T E _-

YES _ NO

t

CALL UL[.DIR

WITH X E AND

COMPUTE THE

EFFECTS OF

CANTIN G AND

GIM BLIN G UPON

8T =_Tus _ I NO

CALL ULLDIR I

WITH XAG S AND I

COMPUTE THE I

EFFECTS OF I

CANTING AND I

GIMBALINGUPONI

UTD I

Figure B-55.- Continued.

I YES

_YES

GI- 7oq ENO m

J

TGO - 1059

YES_G (

NO I_

_ THROT =

ATM =

TGO = --

FES

[

MAIN-2' ,21
m

I%1-2.1
ATM

Page 13 of 26
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YES

YES_

NG

10

KSTEE R = i

,'_O AV E>AVMIN_ENG_I, IVEH )

YES

Figure B55.- Continued.

YES

KSTEE R = i

Page 14 of 26
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o

NTHRO T = 0

©

I CALL VTBG TO 1OBTAIN _G

l
CALL CROSP WITH UTA AND

OBTAIN TGO, _C' UTD AND

KSTEER

NO

NO

!

CALL SHORTB TO OBTAIN 1

TGO, KSTBR N, NTHROT I

YES_

___NO -:I

Figure B-55.- Continued. Page 15 of 26
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SIMUt ATE EFFECTS OF P) ATFORM
MISAI IGNMENT ERRORS ON THE

COMMANDED THRUST DIRECTION

NO

4
I CALL CBA TO COMPUTE THE I

ACCELEROMETER MISALIGN-
MENT MATRIX

>0_ YES

_0

NO

CA_LCPEMTOCO'_T_.THEPONCSI
I IMU ERROP MATRIX LP(t)J

YES

_0

YES -'=

_0

NO
'ES

r

[CALl CPEM TO COMPUTE THE AGS]PLATFOPM ERROR MATRIX [PA(I] ]

l
HLM = RAGS × VAGS F

Figure B 55.- Contimled.

Pa_]e 15 of 2_
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8

4

?
7B:UN'T(_M*_TD)
YB = ZB X UTD

y[Ao]T=[UTO_8:Z4
_A_=[AO]'ET]

NO

O

f CALL kUNGA TO SIMULATE A TWO-SEC._OND

INCREMENT OF THE BURN. OUTPUT &V A,

THE ACTUAL &_ BURNED DURING THE GUI-

DANCE, AND OUTPUT THE INTEGRATED

ACTUAL STATE XA, I" AND'UTA THE

THRUST DIRECTION AT THE END OF THE

GUIDANCE CYCLE

I
aTAGS = _A /

Fiqure B 55.- Continued.

Page 17 of 20



27.4-

YES

@

YES

I CALL PERRO WtTH IC AND i_'_A" OUTPUT &VpG S

CALL.E_RO_,_._AI
JA"OOOTPUT&_A_S]

YES

UTD = UTA 1

[KuTA =1 ]

SIMULATE EFFECTS OF
ACCELEROMETER AND

PLATFORM ERRORS ON
THE &V USED BY THE ON-

BOARDINTEGRATOR

_UTA=0J

YES

Figure B-55.- Continued.

Page 18 of 26
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O

ADVANCE STATES

THROUGHGUIDANCE

CYCLE AND CHECK

FOR BURN COMPLETION

)M_ _

_3

0

CALL AVEG TO ADVANCE

X E THROUGH 8T

ADDA_pG S

=0__1-

I CALL AGSAG TO ADVANCE

XAG S THROUGH TWO SECONDS

ADD &_AGS

TAG S= TAG S+21

1

W E = mg

I_pR_ > YES

NO

T>
=1

_- _E_ 13_ YES

IO

YES

I
= I DISPLAY BURN QUANTITIES

IAND STATE VECTORS FOR

THE JUST COMPLETED

CUIDANC[ CYCLE

CALL TRANCO AND ROTATE J

i

X A INTO SELENOGRAPHIC

COORDINATES GIVING LANDING

SITE _LS

Page 19 of 26
Figure B 55.- Cont.mued.
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YES <

= 4, 5<

I0

)THER

VALUES

CALL TRIM TO

PERFORM THE I
RES DUAL TR M I

I

AVToTA L = AVToTA L + IVTR,MI

([gl_TR'MIWA (I)= WA(I) "EXP I* (1, 1,1)
SP A

1 FTR'MI 

LOAD ×A, I INTO

THE AEG

I TNExT=T E+3000 SEC

CALL AEG 1
MOVING XA, I

TO TAG S

Page 20 of 26

Figure B 55.- Continued.
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YES

NO

=1

i

,_oM='coM 2)]
ICO M = MIN ( ICO M,

JD=J_

I
CALL ENCKE WITH THE PRE-3URN I

XE, IANDADVANCETO T ETO

PROPOGATE THE W-MATRIX TO

THE END OF THE BURN

i,o:o1.ICO M = ICO M

Page 21 of 26
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8

i

ICALLXESTABI [CALLXESTABA_DSTOREXEI IA_DSTORE×E
IN THE AGS [ LIN THE PGNCS

_3 _ =3( 7
ICALL XESTAB CALL XES _ "-ri--7

ANDSTORLXE [ANOSTORE×A:_SI

V E_,.......... iCALL XESTA3

I CALL XESTAB

TO OBTAIN XE, I
FOR COMPUTER

IFOM

t

,_iO YES

F iqure B-55,- Continued. Pnq,_ 22 of 26
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DISPLAY THE POST BURN STATES XE, I I
ANDXA, lAND STOREH a, HpFOP BOTH

STATES IN THE SAVMAN TABLE

=1

0

TE_ : TE

T E = TE + ATBuRN---7

@

IpA S ; : 1

r=l

NO

_0

YES

10

@
CALL DELTAV TO PERFORM THE 1TARGET AV ON THE IPASS STATE

l
t_,Lo_T_OEO_,;:'_t

Figure B-55.- Continued. marie 23 o[ 26
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i

@

DISPLAY XE, I OF

COMPUTER IpASS

i
STOPE Ha , HpOFTHE

IpASS STATE INTO

THE SAVMAN TABLE

t
'_1 IpASS=IpAss + 1 I

I'TE = TE_ I

,. IpASS= 51

I

I

____= 0

SAVMAN (7,IpASS) SAVMAN (7,8)

IpASS = IpASS + l-__

NO

=0 =2

Figure B-55.- Continued. Page 24 o[ 26



2.82

STEP TtlE ACTUAL

STATES FORWARD

l l_.lTIlE AEG IN STEPS

(OF Tp/12 TO OBTAIN

tAIl . ANDAh
L llllll IllaX

9
OBTAIN THE

DISTANCE OF

CLOSEST APPROACH

BETWEEN THE ACTUAL

STATES

I AAh = Ahma x - Ahmin I

t
I STOREAII . ,All 1

mill max|

AND AAh IN THE I

.XTRA ARRAY I

1

YES

NO

YES

YES

IADVANCE THE ESTIMATED|
AND ACTUAL STATES TO I

TTp F AND DISPLAY THE I

TPF STATE VECTORS I
I

I STORE TCA , DCA IIN THE XTRA ARRAY

1

Paoe 25 of 26

Figure B 55.- Continued.
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NO

J n = Ico M + 4 I

1

= _YES

YES

LOAD THE SAVMAN DATA

_ 23LuTI_C_%4i
BLOCK "" ]

1
I IpASS = IpASS + 1 t _

IpASS : ICOM I

Figure B 55.- Concluded.
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I NI=O

CONIC

CALL CONIC WITH Rj, Vj AND

ADVANCE__ TO T2 OBTAINING

RpT, VpT

PRECISION

I Nl=2

CALL ENCKE AND ADVANCE

VEHICLE__ J TO T 2 OBTAINING

RpT, VpT

I CALLINITV TO OBTAIN VT THE DESIRED IVELOCITY OF THE TRANSFER ORBIT

I---IAV 2 = VpT - V12

A-V 1 V T -Vll

l
CALL TPITPM TO DISPLAY

THE MANEUVER Z_V VALUES

i

Figure B-56.- Flow chart of subroutine MIDCRS. Page 1 of 1
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o

Q

yES AGS

_)A =0

0A =o

RA = IRRELI

[IREL=UNIT {RREL 1

yES
ANGE RATE

NO

NO

YES

= [TAI" UREL

_REL = [SMNB] "

RA =VREL" UREL

Figure B-57.- Flow chart of subroutine OBS.

Page 1 of 7
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?
I CALL RANNO TO

PRODUCE A FOUR-
DIMENSIONED

RANDOM VECTOR

RR OR SXT

RR

ANGLE DATA ONLY

NO

IS RANGE

BIAS FIXED

BY INPUT

RA <'50.8 N. MI.

8R :: RBIAS(1)

Figure B-57.- Continued.

YES

8R = RBIAS(2)

Page 2 of 7
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YES

O'NR= MAX (0.33_ OF RA,27 FT)

"N_=MAX(043y.OF_A,043FPS)

NO
AGS

"_'1 °'NR = MAX (0.083_ OF RA, 300 FT)
NO

<ION.

" =300 FTN R
NO

RA<5N. MI.

"_0" N = MAX (0.33_ OF RA, 80R
RA < 100_,.,_

t O'NR = 80 FT 1

Figure B-57.- Continued.
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I RM=R A+BR+'r/1" O'NRI_M I_A + BI_ + 'r/20"Nl _

YES

NO

ARE
ANGLE NOISE

o-'S FIXED
BY INPUT

YES

NO

RA < 200 N, MI
YES

NO

.002 • RA + 1.9)
10-3

Page 4 of 7

Figure B-57.- Continued.
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II

O

Z

0

z w

I

o o
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I
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YES

NO

NO

1 8RvHF = VHFBIAS (2)1

YES _ =

NO

NO

I o" = 10.0 FT
N

VHF

BRvH F = VHFBIAS (1)I

(7 : II.0 FT
N
VHF

I

= RA + BRvHF + _1" O-NvHF _=
/

Page 6 of 7

mk

Figure B-57.- Continued.
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II.

FigureB-57." Concluded'
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<>

0

I_SI_° °o1
0 0 WD( 3

WD(4) 0

[AI5] = 0 _VD(5)

0 0 WD(

i
I KRNDFG (IVEH) = "1}JD=O

I

Page 1 of 7

4k

Figure B-58.- Flow chart of subroutine ONR.



2,93

I

_-[T F = T M (I

PROPAGATE ACTIVE VEHICLE TO TIME]TF WITH SUBROUTINE ENCKE

Us_--E_BsM]u_Bi0M = IT] T USM

Page 2 of 7

Figure 8-58.- Continued.
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JD'- 9

JF = ].

[ioO!]
JWD(7) 0 U

E/V9] = 0 _/D(8) 0

0 0 WD( 9

RLS M = RMOON + hLS

RSG,X = RLSM cos {e} cos {_,)

RSG,y = RLS M cos (e) sin (_)

RSG,Z = RLS M sin ()0

Figure B-58.- Continued.

Page 3 of 7
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D

JF = I
DOT

COSA - Rcl

©

CONVERT RSG TO RL AT TIME Tp

WITH SUBROUTINE TRANCO

Page 4 of 7

Figure B-58.- Continued.
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I PROPOGATE THE ACTUAL STATE VECTOR OF THE]

I

ACTIVE VEHICLE TO TIME TF I

[co_v_T_oV_CTO_,_TO_S_L_OC_T_'CV_CTO_,I
XA, AT TIME TF WITH SUBROUTINE TRANCO

VECTORS REQUIRED FOR DISPLAY ROUTINE, RNRPRT

XE -- XA

RL = XA

ICALLRNRPRTFORD,SPLAYI

JFLAG = i

-RcL = RL - RC

UCL = UNIT/RcL)

OS -- UNIT [UcL × UM]

1
"I OS: UNIT EOS× OCJ

Figure B-58.- Continued.
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Bi = Us

B2 =

B 3 =-B 1

_o:i_c,[_os-ilos.oM)-_
_=i_c_i__ARscT + VARIMu_

i

CALL DMESIP TO UPDATE RC' _C AND[W]AND TO

CALCULATE CORRECTION TERM &X 3 FOR THE

LANDMARK UPDATE

IRL = RL + A--X3

i EWE,lCOb_ =[w]

D

ICALL RNRPRT FOR DISPLAY i

Figure B-58.- Continued.
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JFLAG -- 0

RCL = RL - RC

UCL = UNIT (RcL)

ITP= TFI _

PFOPAGATE ACTIVE VEHICLE'S STATE VECTOR TO

TIME Tp WITH SUBROUTINE ENCKE

N/_< _ ["7"_v_,..L/
>

I CALL WMATCN TO PREPARE [W] F0;-, PROPAGATION I

Icw_,,oo4--E_I

Figure B-5B.- Concluded.

@
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V2=V "V
0 0 0

-- /(_ v_)ai ri - ri o

2 3

Page i of i

• Figure B-59.- Flow chart of subroutine OPS.



3oo

Jl=l

J2 = NTOT AL

J3 = NTOTAL

To=TT_C,_)
KD = KTRK(il)

TTRK(il) = TTRK (i2_#

_< KTRK(il) = KTRK(i2)

KTR K (i2) -- KD

J'l. = Jl. + l I

=J2-1_

C

>
>

)

6

Figure B-60.- Flow chart of sLIbroutine ORD. Page 1 of 1
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4

#

DISPLAY a, e, i, g, h, M, U
IN UNITS OF FEET AND

DEGREES

DISPLAY THE BASE DATE

AND KORIN, KOROU T, IWRAP

ANDIsE TFLAGS

DISPLAY X, Y, Z, X, _', 7_ IN

UNITS OF FEET AND FT/SEC

DISPLAY V, _', _, R, _,,

IN UNITS OF FEET, FT/SEC
AND DEGREES

DISPLAY I_, Tp, Ha , HI) I

DISPLAYa , g , h , U
I1 I1 I1 W

Paqe 1 of 1

Figure B-61.- Flow chart of subroutine OUTPUT.



3O2

U = UTD
V=UXR
W=UXV

lot1['r]= VT

/,^,TI
I,-'" J

Page I of i

Figure B-62.- Flow chart of subroutine P_,LIGN.

It



5o5

qlk

CALL GEOMET TO OBTAIN_ [
I

SIN T, COS y, UN, UR1 , UV1 I
1

COS T
COT 7 = --

SIN T

C3 - p.

aN=L - b3

PN = C3 SIN27

f

Figure B-63.- Flow chart of subroutine PARAM.

Page i of 1
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J=3 -I

8L=O

ICOUNT = 0

1
CA/LAEG TO MOVE THE
ACTUAL STATES TO TIME
t OBTAINING

RI, V I, Rj, AND_j

_LC = gJ - _l

VLC = Vj - V I

_=I_Lcl_ _ RLC" VLC
r

_0
r

I
CALL REGFAL TO I_=
OBTAIN B[ 1

Figure B-64.- Flow chart of subroutine PCA.

Page 1 of 2
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t = t + I000

NO

YES

IN°

I

Figure B-64.- Concluded.

Page 2 of 2
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[q=[_o]

I

1.

2.

3 °

I[q=[ql

SET [T] TO BE REFSMMAT

OF THE I [b COMpUTER.
V

SET [S] TO THE CURRENT SCALE

FACTORS FOR THE L th ACCELEROMETER

SYSTEM.

SETA_ BTOTHE CURRENT

ACCELEROMETER READ BIAS.

|

CALL CPEM TO GENERATE THE ]

PLATFORM ERROR MATRIX [P(t)] I

LOAD [P(t)] INTO THE
OUTPUT ARRAY

Fiqure B-65.- Flow chart of subroutine PERRO.

Page 1 of 2
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NO

[e]=[P(O]•[A(t_]

["C4:[_][PT]

[E]--D]•[petal
aVs : Is] • [E] •_p + _B

YES

P

[El = D(t_]. [T]
[M] =[E] -i

Page 2 of2

Figure B-65.- Concluded.
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YES

LM IMU
ALIGNMENT

IR = UNIT (,Ro)

=uN,TO_o)

I

X L [XI

@, _,S,OOORDINATES

NO

t

ALL

OTHERS

Figure B-66.- Flow chart of subroutine PMATRX.

-1
--_/xL1

Page 1 of 3
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GEMINI LOCAL
VERTICAL

J
l"w__H_.,'i_

I

AL L

OTHERS

l

YES

IV=-_,'RLJ

NO

I°;°J.LI

GEMINI
LOCAL VERTICAL

COORDINATES

LOCAL VERTICAL
COORDINATE_

NO

L.O.S.

COORD_

YES

: -R/R L

Figure B-66.- Continued. Page 2 of 3
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I D=HXX= UNIT (D)

© _ [p]= _T

Page 3 of 3

Figure B-66.- Concluded.



33.3-

--0

J -3-I

I CALL AEG TO ADVANCE THE STATES

IN THE AEG COMMON BLOCK TO THE

TIME TTp I

l
CALL THETR TO COMPUTE

THE PHASE ANGLE _STpI

ICALL TAUAL TO COMPUTE

THE HEIGHT DIFFERENCE

AHTp I

RL = Rj - AHTp I

sina =(RL_ COS

\Rj/ "D

YES

Figure B-67.- Flow chart of subroutine PMISS. Page 1 of 2

A
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©

e D --- _- ED - SIN -1 (sina)

Uoc = Uj - e D

T = TTp I

1
CALL TIMAL TO ADVANCE THE ACTIVE
VEHICLE TO PHASE MATCH WITH U

OC

1
sina =(/RL'_COS\R j/ _D 1

_O YES

leD=_'- "D-SlN-l(sina) I

1
-i_o--o_,-OoI=

1
CALL AEG TO MOVE THE ACTIVE I

VEHICLE STATE BACK TO TTp I I
i

=Ieo---.D]
i

Figure B-67.- Concluded, Page 2 of 2
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6

D

E
I

TPI

_ I CALL E,NC_E" TO T O_TA_N_NG

1
COMPUTE THE ACTUAL ELEVATION

ANGLE E A AT T

U=RI x_l

"RLc = "RJ "RI

YES

NO

Figure B-68.- Flow chart, of subroutine PRETPI.

[_A-2.Ej

Page I of 5



3 I)i

TF

i

<..o_YES = _/M

NO FPI

CALL TIMEP WITHer ]TO OBTAIN TTp F

NO

ir

_ I_11 coLE>.lJ POSSIBLE: "_

__

Figure B-6S.- Continued.

Page 2 of 5



6

COMPUTE 8T FOR THE NEXT GUESS AT THE
CORRECT TPI TIME

n=n+l, 8Eo= BE, BE= EA-E

"A: VI"UNIT(0×RI/IRII
.p = Vj' UNIT [(ffj × Vj)' X Rj]//Rj

s<.,×_).0
o:_+S,ON[co__C_,_y_,_jt.s]

[l f -a- _ + SIGN T-cos-I ,Icos(E)
I%l

8T =
_A - _P

YES
;- ST-- SIGN TMAX, 80

NO

Figure B-68.- Continued.
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YES

F

IT=T+ST8T 0 = 8T I

NO

Z--T-_toI8T 0 = - 8T0/2

"4

CALL CONIC._TO UPDATE I= 8TRI'vl' Rj, Vj THROUGH I :

$
_____ 8T =-SIGN (8T/2, BTo)8TMAx = 8TMAX/3

Q,

Figure B-68.- Continued.
Page 4 of 5
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4 CONIC PRECISION

CALL CONIC TO ADVANCE
VEHICLE J TO TPF

CALL ENCKE TO ADVANCE
VEHICLE J TO TPF

CALL INITV TO OBTAIN _T THE

DESIRED VELOCITY OF THE
TRANSFER ORBIT

I _Vl - _T - VI_V 2 = Vj - VI2

CALL TPITPM TO DISPLAY
THE MANEUVER _-V VALUES

I

Page 5 of 5

Figure B-68.- Concluded.



3J8

IP.,.-,-STAT,ST,CS.EAOE,.I

1. REWIND UNIT 13

2. READ REFERENCE TRAJECTORY
DATA AND INITIAL COMMENTS

I 1. PRINT INITIAL COMMENTS
2. PRINT THE NUMBER OF REFERENCE POINTS

AND NUMBER OF MONTE CARLO CYCLES

READ THROUGH THE MONTE CARLO SAMPLE DATA FOR
ALL THE REFERENCE POINTS ON UNIT 113

LOAD THE FOLLOWING ARRAYS:

{AVk}Nk= ,{{XTRA, ._lO 2INk ,{A_#TPFk}kN
i K,j)j= = 1 = 1

I

iI.PR,NTHEADERFOR OT  AVSTAT'ST'CSI2. PRINT THE ARRAY AV k = 1

!

CALL SAMSIG TO COMPUTE THE SAMPLE MEAN AND SAMPLE I
STANDARD DEVIATION FOR THE TOTAL AV ARRAY I

J PRINT MEAN AND STANDARD DEVIATION JOF TOTAL AV ARRAY

Figure B-69.- Flow chart of subroutine PROCES.

Page i of 7
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i

CALL CDFUNC TO COMPUTE AND PRINT A CUMULATIVE IDISTRIBUTION FUNCTION TABLE FOR THE TOTAL AV I

" I=l+l !

• < >

YES

1. CALL SAMSIG
TO COMPUTE
STATISTICS
FOR TPF AV

2. PRINT TPF AV
STATISTICS

I I. REWIND UNIT 13 I2. READ THROUGH THE REFERENCE DATA ON UNIT 13

1
READ THROUGH THE MONTE CARLO DATA WRITTEN ON UNIT 13

AND LOAD UP THE BURNED AV, ATB, RESIDUAL AV, AND TRIMMED
AV ARRAYS WITH THOSE VALUES OF THE ITH REFERENCE POINT

1
CALL SAMSIG TO COMPUTE MEANS AND STANDARD DEVIATIONS FOR

THE ITH REFERENCE POINT'S AV, ATB, RESIDUALAV, ANDTRIMMED AV

1
1. PRINT ITH REFERENCE POINT COMMENT

2. PRINT ITH REFERENCE POINT BURN STATISTICS
i Page 2 of 7

Figure B-69.- Continued.



3 PO

I ISAM6 = 1

<
I1=1+11

__>

REWIND UNIT 1.3 ]
READ TARGETING FLAGS FOR IITM REFERENCE POINT

1
|,_ooP=°I

llLooP ILooP + 11=

J,

YES

NO

Figure B-69.- Continued.

YES
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NpAss = 81

_Y I
I,_--oI_

!
(i)-H,_s;,_+_I

NO.YES

_NO

IPRINTITHREFERENCEI_o,_co_tI
I

1. REWIND UNIT 13 I
2. READ THROUGH THE REFERENCE

DATA ON UNIT 13

I PRINT HEADER FOR MANEUVER ITARGETING STATISTICS

Page 4 of 7

Figure B-69.- Continued.
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k=l,N

READ THROUGH THE SAMPLE DATA ON UNIT 13 AND LOAD THE ARRAYS

1.v I 1 'k=l ,n k=l n=l

FROM THE DATA RECORD XREAD3 FOR THEI TH REFERENCE POINT

n=l, 8

J8 =n+8* (IpAss-1)

SAVMANk, n = XREAD3 (J8)

I
J8--2+8" QPASS-1)

AV k= RSS [xREAD3 (js),

XREAD3 (J8 + 1) ,

,._AO_O_+')]
J8 = n+ 8"(IpAss - 1)

k8= n+8-QPAS S+3)

n=l,8

n=Ir8

_- [,(, )-,]J8 n+8- COM PASS

SAVMANk, j= XREAD3 (Js)

- XREAD3 (ks)

1
_=' +_'['coM(',:,ASS)1]
k8 = 2 + 8*[IcoM(IpAss ) -1]

SAVMANk, n = XREAD3(J8)- 'READ(k8)

I

!

IAVk: RSS [XREAD3(js), XREAD3 (J8 + 1), XREAD3 08 + 2)] I

i, Rs_[.,_EAO.(,<).×,_EAO.O_+1).XR_,,,O_(k_,_)]1
"l

41

1. CALL SAMSIGTO PRODUCE THE STATISTICS

FOR THE SAVMAN ARRAY AND THE AV ARRAY

2. PRINT TARGETING STATISTICS

Page 5 of 7

Figure B-69.- Continued.
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i,

{

NO

CALL SAMSIG TO PRODUCE STATISTICS I
FOR THE XTRA DATA ARRAY; I.E., FOR I
THE ×READ4 DATA RECORD I

p

IPR'NTT.E_TRAARRAYANOI
ITHE ASSOCIATED STATISTICS I

l,=o I
_t__

---_,--, +_ ]

NO

NO

i. REWIND UNIT 13

2. READ THROUGH THE DATA RECORDS ON UNIT 13 AND LOAD
UP A TABLE WITH THE RANGE AND RANGE RATE DATA

STORED FOR THEI TH REFERENCE POINT

3. CALL SAMSIG TO PRODUCE RANGE AND RANGE RATE
STATISTICS

4. PRINT RANGE AND RANGE RATE DATA TABLE AND RANGE
AND RANGE RATE STATISTICS

Page 6 of 7
Figure B-69.- Continued.
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YES 

1. REWIND UNIT 13

2. READ THROUGH THE REFERENCE POINT DATA

AND INITIAL COMMENTS ON UNIT 13

1. READ THROUGH THE DATA RECORDS OF UNIT 13 AND

LOAD UP THE XA AND ×E ARRAYS WITH THE VALUES

STORED FOR THE I TH REFERENCE POINT IN THE DATA

RECORD XREAD3

2. PRINT THE FOLLOWING FOR THE I TH REFERENCE POINT:

• REFERENCE POINT COMMENT
• REFERENCE TIME

• SAMPLE TIMES
• REFERENCE STATES
• SAMPLE ACTUAL STATES
• SAMPLE ESTIMATED STATES

3. CALL SAMDIF, SMEAN, AND SAMCOV TO PRODUCE STATISTICS
ON THE STATE VECTORS AND RELATIVE STATE VECTORS

4. PRINT STATE SAMPLE MEANS, POSITION AND VELOCITY

SAMPLE MEANS AND STANDARD DEVIATIONS, AND STATE
SAMPLE COVARIANCE MATRICES

,.4

Figure B-69.- Concluded. Page 7 of 7
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L2 = 2 - IORBT = TMOVE

YES
THE

TO BE INITIALIZED
>0

W-MATRIX

JD=O

NO
START-

I TSTART:TLAST+ 8TsTART I
_I

(_ =0 --2 Q

Figure B-70.- Flow chart of subroutine PROPAG, Page 1 of 6



_f

T sTOP

NO

0

AcKING

page 2 oI 6

FigureB-7 0." Coutiuued"
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IJ_=JD I

I,++-+vI

= 0_>2=

I

SET JD AND Jv TO BE THE SAVED I

VALUES FOR THE ICOM COMPUTER I

ISET (L) = 2 I
!

E 0 /_ OTHER

I CALL THE AEG AND MOVE THE IACTUAL STATE XA, L TO TIME T

Page .3of6

Figure B-70.- Continued.
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YES

Q

> 4 YES
COM

>
MOVE

YES

I CALL XESTAB TOOBTAIN XE, L

=4

Figure B-70.- Continued.

t

I XE,L = XA, L

Page 4 of 6

t
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f
dI"

INITIALIZE ENCKE

WITH XE, L AT TE

1
* =1 CI C

IC = Ico M

CALL ENCKE TO T IOBTAINING XE, L

[ 'c:'_ I

INITIALIZE AGSKEP

WITH XE, LAT TE

1
I CALL AGSKEP TO T IOBTAINING XE, L

r

•"l TE=TI=
I

CALL XESTAB TO

STORE ×E,L

I
=I L=L+I I

Figure B-70.- Continued.

CALL THE AEG TO T

OBTAINING XA, L

l
I _ IXA, L = XA, L

INITIALIZE THE AEG

WITH XE, L AT TE I

I CALL THE AEG TO T IOBTAINING XA, L

t
XE, L = XA, L

XA, L = X_, L

I
INITIALIZE THE AEG |

i

WITH XA, L ]

Page 5 of 6



YES
L >L 2

L>2

JD = J_)

Jv = JV

Figure B-70.- Concluded.

Page 6 of 6
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I CALL ENCKE TO ADVANCE XE, JTTp I OBTAINING Rj, Vj

t
k--I
i=l
E' = E MOD T

_ T E'8 i --_- - SIN-

TO TIME

i I J-AHCDH])_RJ COS E_]

I
I uSE TIME-THETA ROUTINE TO ADVANCE
i

-'IRj, Vj THROUGH -8 i TO OBTAIN -R_j,'V]

=_- E'- SIN-I i(RJ-AHCDH_Y_8i+ 1 2 Rj
L.-

Figure B-71 .- Flow chart of submuUne QRDTPI.

Page I of i
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CALL CLOCK TOI
OBTAIN TIME

1

I'RAN_'I
XRA N TIME

1 .

1

I X1 = XRA N

" YI = XI

M-=O

a" =1

I
CALL RANDN TO GENERATE'

11ENTRIES FOR THE ARRAY

X i

CALL RANDU TO GENERATE

I yiENTRIES FOR THE ARRAY

1
I IRAN = IRAN + Z r_ lI = MOD (IRA N,

YES

I XRAN=YI+ 108 F

Figure B-72.- Flow chart of subrot_Line RANNO.

Page I of 1



333

E

C

t

o-i

YES

=0 >i
ICOUNT

IGUESS --0

IGUES S =

Ax = f(x)- F(k)

1
F(k)= f(x)IU(k)= x

YES _-0

Figure B-73.- Flow chart for subroutine REGFAL. Page 1 of 3
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U(1)= x

I ICOUNT =

C

ICOUN T + 1 I

>0

U(2) = x

YES +

I ICOUNT= ICOUN T
+l

©

=0

YES

U(k) - U(3-k)
F(k) m F(3-k)

>l

.,m,

Figure B-73.- Continued. Page 2 of 3
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0 _

J THAN THEINTERVAUL _ YES

YES _Q

Figure B-73.- Concluded. Page 3 of 3



336

ITI
ROUTE

(LEc .:0)

YES

:OMPUTER
SHUT DOWN

COMMANI

MON ( ICOM')"

ONBOARD
TRACKING

NO

FYPE OF
VECTOR

MSFN

,'ECTOR TRAN SFER

XE,IV R OF THE Ic R COMPUTER

INTO THE

CALL XESTAB TO STORE XE, IVRXE,I ARRAY OF ICOM COMPUTER

LxINITIALIZE THE AEG WITH

E, I OBTAINING XA, I ]

Page i of12

Figure B-74.- Flow chart of subroutine REPLAC.
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W

I_=3-,I
f

ICALL PMATRX TO OBTAIN!

[BRLV] FOR XA, J

I
RLC - RI - RJ

VLC = VI - Vj

i
RLC = [BRLV] RLC

VLC = [BRLV] VLC

t
CALL XESTAB TO RETRIEVE XE, JI

OF THE ICO M COMPUTER I
t

ICA    ATRXTOO 'A I
t

RLC = [BRLV]-I RLC

_LC = [BRLV]-I _LC

• __ +[RLc_
x_ XE,,F,c)

t
ICALL COVTAB TO RETRIEVE I

_.RELFORTHIS EVENT I
CALL SAMPLE TO SAMPLE

_'REL OBTAINING XES(1) ,
,e

WHERE XES(1)= XE + [BRLV] 8X E

Figure B-74.- Continued.

Page 2 of12
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CALL COVTAB TO RETRIEVE_T FOR THIS EVENT

i
IK=ll

I CALL SAMPLE TO SAMPLET..T OBTAINING XEs(i); i = 1, K

I

YES

YES
VEHICLE

I K=2

NO

IPDATE (_COM)
YES

IUPDATE QCOM)=11

X E = XES(1)

Page 3 of 12

Figure B-74.- Continued.
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l"v -_ I
i

NO

CALL XESTAB AND STORE

XE FOR VEHICLE Iv OF

COMPUTER IPASS

I
r _1 1

rl IpASS = IpASS +

NO

Figure B-74.- Continued.

Page 4 of12



3ho

IUPDATE(ICoM) -- 3

×E:×ES%)

NO

NO :_DATE(,IpAsS) =

CALL XESTAB AND STORE X E FORVEHICLE IV OF COMPUTER IpASS

i
--F'PASS:'pAss+i

NO >4

YES

I V = IV+ 1

{ES

Page 5 o[ 12

Fiuure B-74.- Continued.
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P

IL2-2-'ORBI
l'vtlI

(!)---_TE:!R_'v_I

IN°

CALL LVLHDX TO OBTAIN

XA, iv BY THE EQUATION

XA, Iv : XR, IV + [BRLV]-18XA, IV

L__

CALL COVTAB TO ]

OBTAIN _A, IV I
)

CALL SAMPLE TO SAMPLE

I_A, IvTOOBTAIN 8XA, Iv

AND COMPUTE X BY

XA, IV = XR, IV

A, Iv

+ [BRLV]-18XA, IV

Figure B-74.- Continued.

Page 6 of12
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READ JMFLAG' L, AND_LA FROM UNIT t5

CALL SAMPLE TO SAMPLET..LA TO OBTAIN 8XLA (i); i = , L

I CALL PMATRX TO OBTAIN I[BRUVW]FORXR,IV

i J;OIpASS = I

1"°

1

_YES _1 = X

XA, Iv

+SXE IR,I V

Figure B-74 .- Continued.

Page 7 of 12
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©

=MAX 1,1 -1)Ic PASS

iVH =MIN IPASS, 2)

_r

1"°

X E = XA, IvH + 8XEI_ =

CALL XESTAB TO STORE X E

FOR VEHICLE IVH OF COMPUTER [c

+1
= IIIpASS = IpASS

NO

YES

CALL AEG AND ADVANCE iXR, I TO TR, 2

Page 8 of 12
Figure B-74.- Continued.



BEGIN THE LOOP TO TRANSFER THE FSTIMATED

STATES COMPUTED FROM _LA TO ALL MONITORED

_ COMPUTERS

IpASS = I

YES -_

YES NO

r _ (3)

IIc= 3- JMFLAG .I= ": NO "/_ATE_()BTAINED_'"

T Fc'"x_s'A_'°°_TA'"x_I
CALL XESTAB TO OBTAIN X FoR] [FOR THE CMC CSM •

COMPUTER IE I t

VEHICLE 2 OF c l CALL XESTAB TO STORE X E IN

I CALL XESTAB TO STORE X E INVEHICLE 2 OF THE CMC COMPUTER

NO

VEHICLE 1 OF COMPUTER IpAss

I_ YES

Page 9 of 12

Figure B-74.- Continued.
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O ¸

BEGIN LOOP TO LOAD ESTIMATED

STATES BASED ON THE IpERT E FLAGS

IpAss "" 1

__ YES

=0 =1

NO

CALL LVLHDX TO OBTAIN X E FROM I

XA, Iv AND 8XE, I FOR THE IpAss

COMPUTER

CALL XESTAB TO STORE X E IN

VEHICLE !V OF COM.PUTER !PASS

Figure B-74.- Continued. Page lO of 12
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YES

j_ YES

TLAsT = TR (Iv) !TNEXT= TLAST+3000

XA, Iv AT TR (Iv) ]--

1
I,v=,,,+,I

NO

NO

-II,

Page 11 of 12
Figure 74.- Continued.
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6

BEGIN LOOP TO TURN ON MONITORING
FLAGS FOR COMPUTERS INTO WHICH
VECTORS WERE LOADED

IpASS = 1

IS COMPUTER

IpAss ALREADY

BEING MONITORED

i_.o,('_ss)--']
YES

w#

NO

WERE VEt
LOADED INTO

COMPUTER I
PASS

Page 12 of 12
Figure B-74.- Concluded.
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(_ SET ['W] TO THE W-MATRIX
STORED FOR THE ICO M
COMPUTER

THiS LOGIC INITIALIZES THE

PARTITIONED W-MATRIX AS

A DIAGONAL MATRIX

J CALL ENCKE TO ADVANCE J_

I ESTIMATED STATES TO TF J_

I-
NO

EB

_>_ES
J, JD =6KRNDFG (IcoM): i

tO

NO_
'ES

1

_-_] w2 (i,j) = o ['_3 ("J) = o

Fiqt,re P_-75.- Flow chart of suhroLltine RNR.

Page 1 of 3

le
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@

0 _

2 = VA_

Vl11-mm I I

LOAD [W] INTO THE W-MATRIX
ARRAY FOR THE Ico M COMPUTER

I CALL RNRPRT WITHJF=I

ARE=RE, 2-RE, i_E=0.1T("_E)

= AR M - AR E

_2 = AR 2 . VARvHF + VARINT

1

1
CALL DMESIP TO PERFORM
THE FILTER COMPUTATIONS.
INCORPORATE MARK

I os=UNIT(UE×uM) I

l
us= UNIT(Us× _E)

_2: AR 2 (VARsx T + VARIMu )

+ VARIN T

L = LMup

ko = 4 - JFLAG

Page 2 of 3
Figure B-75.- Continued.
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LOAD t'W] ICoMINTOCOMPUTERTHEW-MATRIX ARRAYI
FOR THE

YES

NO

NO

YES

_NO

LOAD 13N]INTO THE W-MATRIX ARRAY IFOR THE ICO M COMPUTER

YES

NO

I CALL RNRPRT WITH JF = 3 I

Figure B-75.- Co,_cluded.

Paqe 3 of 3
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ENTER

J

HEADER
START OF

TRACKING
PRINT

>

PRINT HEADER
FOR END OF

TRACKING
PRINT

<

PRINT MARK I

PRINT HEADER
FOR FINAL
LOS ERROR

<

PRINT MARK
DATA AND

FILTER
VARIABLES

t
PRINT BR

STATE VECTORS
AND ERRORS P

> <

1

PRINT MARK __
NUMBER AND

TIME

Page 1 oF3

Figure B-76.- Flow chart of subroutine RNRPRT.
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?
CALL PMATRX TO I

PRODUCE [BRLV]AJ

I
ICALLPMATR×TOIPRODUCE [BRLOS]Al

I

I CALL MTRPTO i
TRANSPOSE [BRLV]A

TO GET [LVBR] A

1
_A-- [BRLV1A"(_A,J-_A,__A -- [BRLV]A"(VA,J-VA,,)

ICALL PMATRXTO

PRODUCE [BRLV-I E 1

<

PRINT THE

W - MATRIX AND

E - MATRIX

Fiqure B-76.- Contillued.

Page 2 of 3
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JF:I >

Ip:O

8R A = 8R

BYA = 8V

I
PRINT 8RB, 8V B

8RC,8V C, 8RA, 8V A

Page 3 of 3

FigureB-76.- Concluded.



5_4

5

NO

C _LL ENCKE TO ADVANCE ! -

I

ESTIMATED STATES TO T I
i

I SET [W] TO THE W-MATRIXSTORED FOR TIIE ICO M COMPUTER

_i YES

HIS LOGIC INITIALIZES THE

ARTITIONED W-MATRIX AS

DIAGONAL MATRIX

9 IKRNDFG ICO M = 1

LOAD [W] INTO THE I

Ico M COMPUTER I

J1ATRIX ARRAY 1

wg(i, j)=WD(i +6, ICOM) ]

w 1 (i, j)= 0

w 5 (i, j)= 0

N 0

YES

w_(_,j)=wD(._,'COM)

w3 (i, j)= 0

Page 1 of 5

Figure B-77.- Flow chart o[ s.hroHtine RR.
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9
ARE: RE i "-fie 2 IRANGEMEASUREMENT

, , IPROCESSING

UE : UNIT (A-fiE) /

Q2=AR2 VARR

_2 = 0 .

_3:0

i,
CALL DMESIP TO PERFORM THE i
FILTER COMPUTATIONS

YES __

I LOAD BN] INTO THE W-MATRIXARRAY FOR THE ICO M COMPUTER

I

 I 2:VA RM'NI

Page 2 of 5
Figure B-77.- Continued.



ARE= RE,1 - RE,2

Z_VE = VE,1- VE,2

U"E = UNIT _SRE)

,',RE = AVE • UE

_2 = Al_2E VARy

_2 = _R_ • _2

UB =_'E X ATE) X UE

bl = LMup' U8

b2 = LMup" &RE

b3 = 0

_Q = AR E (AI_M - AI_E)

kQ=2

RANGE RATE MEASUREMENT
PROCESSING

YES

I LOAD Ew] INTO THE W-MATRIXARRAY FOR THE Ico M COMPUTER I

= VARvMIN ]

I CALL RNRPRT WITH JF = 2J

I

I

Figure B-77.- Continued.

Page 3 of 5

I
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I CALL IWITH

NO

SHAFT ANGLE

I [BRNB]=[SMNB]-IT] I MEASUREMENT
PROCESSING

IT =° I

iT=iT+l

AXE=RE, 1-RE, 2

UE = UN'T C&RE)

S = -UE • Uy

RXZ = AR E

YES _

_2 = R2xz(VAR B + VARIMu )

0H= UNIT(,Ov× OE)

_! = LMup " _JB

_2 = 0

-Tb3= (0, O, RXZ )

_E = TAN -1 (UX "U_"_
\Uz" UE)

_o--Rxz@_-BE-"_)
kQ=3

CALL DMESIP TO PERFORM

THE FILTER COMPUTATIONSj

_NO

LOAD [ W ] INTO THE W-MATRIX IARRAY FOR THE ICO M COMPUTER

Paqe 4 of 5

Figure B-77.- Continued.



_2=Rxz_(VARs+VAR,MO)

-bl = LMu P"UB

'b2=U

_o=Rxz(OM-_,_-_,_,-_0d
kQ=4

@

CALL DMESIP TO PERFORM THE FILTER COMPUTATtONS ]

(i)

LOAD[W] INTO THE

I W - MATRIX ARRAY FOR

I THE Ico M COMPUTER

I CALL RNRPRTWITH 1JF TM 2

NO

LOAOI:.]'_TOT.E
W - MATRIX ARRAY FOR

TIlE ICO M COMPUTE,',

1
I CALL i_,N,_PRT WITliJF=5

Fiqme E-77.- Conch_ded.
Page 5 of 5
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P

[SMNB] =

Uk = UNIT (&R')

U. = UNIT _AR'X P')
J

0i =u.xO k

.-j

Figure B-78.- Flow chart of subroutine PRSMNB. Page 1 of 1
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J=3 -I

T = TCS I

IAC = 0

IFLAG I = 0

IFLAG 2 = i

IFLAG 3 = 1

n--O

CALL AEG AND MOVE BOTH

STATES TO T OBTAINING
CSI

RII, VII, RjI'VjI

I
ROTATE THE ACTIVE VEHICLE STATE]
INTO THE PASSIVE VEHICLE PLANE

U= UNIT (Rj1 X Vj_

V,I IVIllUNIT[V,I /VII'U) 1

1
CALL AEG TO TTp I WITH VEHICLEJ OBTAINING Rj3, V j3

1

Figure B-79 .- Flow chart of subroutine RTCCSI.
Page i of 7
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36z

)

E> NCI - NSR

_LL OTHERS

OBTAIN V 1 THE FIRST GUESS AT AVcs I

i _-- - I

DKI

'I

CSI
ii

'I

= ['AVI=IOFPS I

i

© +---q

15_ YES

, NO

=- i000 _ NO

YES

NO

YES

I_o
!

Pdge 2 of 7
Figure B-79 .- Continued.
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?
IFLAG I -- i I

vl--S,GN(989,vJ I

91i = ?II + Viii J

LOAD THE AEG WITH ]
-- ml

RII' Vll I

_- CSI _ DKI =

_<0 = V_

1 I Z

I T=Tz:s' I ' _ _ <o_>No0_

_ NO

CALL TIMFAL A_qD OZTAIN I <0

TFA AND UOC OF THE

UPCOMING APSIS

t ANI = 0

AN1 = I 1 iAN2 =_" NCD H

Ai_ 2 = 1 I U0 = U (I)

NO __ T- TCS_
,i/YES ,

L._._ AN 2 = i

Page 3 of 7

Fiuure B-79.- Continued.
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,d

.I
-I

NO

[AN2=AN2+ I
I

CALL TIMAL AND ADVANCE

FROM COUNTER AN1 TO AN 2

OBTAINING T
CDH

YES

I _--._ i

CALL TIMAL AND

ADVANCE COUNTER

AN1 TO AN2

OBTAINING T

ADVANCE TO T
CDH

WITH THE AEG

l
4 = THETR (I)

AT= A--'N"

t.

ADVANCE VEHICLE J THROUGH AT
TO PHASE MATCH AT CDH AND

OBTAIN Ah

Page 4 of 7

Figure B-79.- Continued.



364

YES

CALL COEDH AND COMPUTETHE CDH MANEUVER

1
OBTAINING RI3 t VI3

_r

ALLOTHERS  NC'- SRlos,

UL=C°Sc2CI==RI3c12EL'(_U×RI31'--ULRI32 + RJ3+sin2 EL. UNIT[R'3] ]

K2 =-Cl -_2

NO _ YES

v IN 0

I AV = AV1/2V 1 = Vl0 - AV 1

Figure B-79.- Continued.

[

Page 5 of 7
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©

NO

YES

YO= Y IAV 1 = "f/SL

= RI3+ KUL

y: cos-1._b'R j_]']

s= 0 (b'Rj3)
7"= SIGN (y, S)

Y- YO

SL - Vl - Vlo

vlO : vI

-_! I=

sL Yo

AV 1 =-50 iS_l._oI

VI ==VI - AV I

IFLAG 3 = 3

Yo:Y

YES

YES

NO

IFLAG 3 = 2 ] _

I

Vl0 = VI

yo=r

IFLAG 2 = 0

V I : V I - AV I

Page 6 of 7

Figure B-79.- Continued.
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I AT2 = TCDH " TCSI 1AT 3= TTp I-TCD H

t
COMPUTE hpl AND hp2,

THE PERIGEE HEIGHTS

AFTER CSI AND CDH

YES'NO

< IM_ YES

NO

<
NO

<

_ IFLAG I = 0

IFLAC,2 _- 1

IFLAG 3 = 0

0=0

YES

YES'NO

YEs'NO

YES

NO YES._IFL_

NO I_=, _ \ [ _I

F_gurc B 79.- Co_achaded.

6V

lvl:v!- vl 

Page 7 of 7
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Figure B-80.- Flow chart of subroutine RUNGA.

Page 1 of 9
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©

1 T,.c=STp

YES

NO

NO

I CALL ULLDIR TO OBTAIN THE_ 1ACTUAL THRUST DIRECTION UTA

YES

T_ =

,BURN 0

I PH = -1

NpH = 0

CALL EPERT TO OBTAIN THE

PERTURBING ACCELERATION
DUE TO THE POTENTIAL

PERT

MODEL AT TIME T

YES

Figure B-80.- Continued.

Page 2 of 9
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F A = F D '

Isp A = Isp D

F 1 =1

F 2 =1

ATp = 1

I_TIN c = TGO 1
I_T = TGO I

• I
i

[Zoo:too-'Z,_cI_-

@VEg ¸NO

YES

YES

,'ES

[ %o=Too]

YES

FA = F A ( 1,1,1) • ENO

= Isp A (1,1,1)ISp A

F 1 = F A

F 2 = F A

ITHRC = 0

___Z_=_'_o i |

h--_(_,'_ -',') L_I

Figure B-80.- Continued. Page 3 of 9
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?
TGO =ATBP - ' -ATBuRN ATBuRN

F_
NO

NO

I0

'T,Nc:To01

I,_:, I

_-2_ NO _--

YES

YES

NO

CES

T

Fiqure B-80.- Continuua

Page 4 of 9
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9
FA=r_('pH.'ENo-x,')
F 1 = FA

F2=O

ITHRC = 0

NO@_

"l

_°,_

_0

_>-_ I o
_0

'ES

rYES

Paqe 5 of 9

Figure B-80.- Continued.



8TIN C = T"GO

IpH: IpH+l

NpH: -i

]PASS = 0

©

_0

I_OFF--__

I_o:_o-_,_cl_

>0_ YES _

IK'uL= KULI

I

-]
IKToFr:21

I

YES

NO
r

NO

_T_uRN=_T_URN+_T,_CI
KTOFF --i I

Page 6 of 9

Ir

Figure B-80.- Continued.
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,b

YES

E5

_-_NpH= NpH + 1

YES

,NO GO GO

I _< ' \l!

FA _ FA + FSLP[_TBuRN + 8T'Nc/_- ATBp I'PH' 'ENGM' '')]i

YES

o LFA:rACOS(eCA_T)I

I VE =g ISp A

,W = F¢tsp A

Page 7 of 9

Figure B-80. - Con[inued.
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CALL SENSOR TO OBTAIN A'-'Vs, THE SENSED

AV OVER 8TIN C, AND OTA, THE ACTUAL

THRUST DIRECTION AT THE END OF 8TIN C

,'VToTAL=AVToTAL+I_/
I

]AV = AV + AV S

1
INTEGRATE THE POSITION FORWARD THROUGH

8TIN C

_s1
_ = g+ STINCIV+ _T_------_c?p +--f-]

i
ICALLEPERTANDOBTA'N_PERTATTI

INTEGRATE THE VELOCITY FORWARD THROUGH

8TIN C

V=V + 8T_ NC: [_ + "gp] + _"V's

_=_

T = T + 8TIN C

ATBuRN = ATBURN + 8TIN C

8T 4=ATBURN- AT_uRN

Figure B-8O.- Continued.

Page q of q

-,t.
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NO 8T4 > 8T YES

' NO
IpH = I

NO RCS
ENGINE

YES

8T<2
YES

IpH = Np + 1 I

ib

RETURN

Figure B-80.- Concluded.
Page 9 of 9
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i=l l=l

+11

YES
r

,j_i-16
1 =1

= i-1

LOAD CORRELATION COEFFICIENTS INTO
THE LOWER LEFT TRIANGLE OF

°'R=_5i+"22+%s

o"V = ,{o'44 4- cr55+ cr66

Page 1 of 1

Figure B-81.- Flow chart of subroutine SAMCOV.



D77

r

iv - XR, Ivj

YES

Figure 13-82.- Flow chart of subroutine SAMDIF. Page 1 of 2



RT-- [BRLV] •

VT = [BRLV] •

378

R' = [BRLV] .'R

9' = rBRLV] .V

CALL PMATRX TO PRODUCE

[BRLV] FOR XE, 2

_o
RT = [BRLV] •R - R'

VT = EBRLV] •V - V'

I _T1. _xk= VT-
4

r

Figure B-S2.- Conclucled. Page 2 of 2
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_DCALL RANNO TO GENERATE A KD- I
IMENSIONAL RANDOM VECTOR _ I

i=i+l
i =i-i
m

i =i+l
P
S 0

k=k+l

S= S + Ci2k

[c,,-_i_-,,-slF--

WRITE _
ERROR
MESSAGE

>

Page i of 2

Figure B-83.- Flow chart of subroutine SAMPLE.



58o

>

_{ k=k+ I
S = S + CjkCik I

I

C,j = Ci"_

Paqe 2 of 2

4

a

Fiq.l{' g-GJ ,- Conclu(te_!,
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S
8M"i =

N

o"i =/ ]- /Sx2 -sx2_

q N-I_, N/

E

-E

s_

F

<

7

NO

o-3

B

<>'

r

, 1
>__ Sx=sx+x,,I

X R = XNO M ]

<

I

I 8X = Xji - XR

. Sx+_XI
Sx = Sx2+ BX-BXJ

Sx2 =

Figure B-34 ,- Fl')w cilar_ of subroutine SAMSIG. Page l_of l
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READ INPUT 1 DATA FROM } YESUNIT 15 INTO PROGRAM =

MANEUVER

READ BLOCK LEC L
DATA FROM UNIT lb

READ BLOCK LEC 2
DATA FROM UNIT L5

i READ BLOCK EVENTDATA FROM UNiT 3.5

YES =IREAD BLOCK NEWTHR 1DATA FROM UNIT 15

, T --

_.LEc-//,EVEN';\ ONBOARD TRACKING 1

DATA FROM UNIT 15

_T
VECTOR
2,EPLACE ME,_T

;_EAD BLOCK LEC 3DATA FROM UNIT 15

Page 1 of i
Figure B-°_ _ .- Flow chart ,,f suhr')utine SAVIP 2.
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(CK : '2)
BURN CONTINUATION

GIVEN NE_-UTD DESIRED

ROUTE

(C K)

(CK = 2)
CONTINUATION OF

UNFINISHED GUIDANCE

CYCLE __

(CK = O}
INITIALIZATION

(CK = i)

BURN CONTINUATION

GIVEN NEW_ C

o,

NO
r

_IS BADLY DEFINED

BECAUSE UTD IS ALONG

R. REDEFINE_BY

I
[_=UN,Tc_I

1

Page I of 4

Fiqure B-86.- Flow chart of subroutine SENSOR.
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?
DEFINE THE TURNING RATE|

[oc-V_°°c] i
_ou____._o_x,_

_y : _'C'_"

1
_= _2p+_y

l

1

_c=_-

Page 2 of 4

Figure B-85.- Continued.
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D

ID

COMPUTE THE MATRICES NEEDED TO

SOLVE THE EQUATIONS OF MOTION

p -w R

[A] I-B][B]
[A]= [A](I-COSI_IAT

[Bi= [B] SINI_IAT

t
SOLVE FOR THE BODY ATTITUDE
AFTER BURNING THROUGH AT

!
UPDATE THE VEHICLE WEIGHT AND
OBTAIN THE ACCELERATION

W = W L - _/AT

FAg
(_)_ AT= _

Vl1 = Ve LOGe Q/ML/W_

W L = <,q

Page :3 of 4

Figure 13-86 .- Continued.
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?
EVALUATE THE ACCELERATION

INTEGRAL 0VEI4 AT

FAg

AT1 = _L + I I_lAT

FAg

AT2= li +½@AtL

+½AT<i-cos,.I_,_

_=/vii + ACi,i>v2i + Bci,i>v3_

\ A(2,i_v2i + B(3,i_v3JA(3,i>V2i + B(2,i>V3i j

t
.___COMPUTE THE _1

SENSED OVER AT I

I COMPUTE THE ACTUAL THRUST i

DIRECTION "UTA AT THE END OF ATIil"UTA = _-

Page 4 of 4

Figure B-'36 .- Concluded.



' 387

llr

LOAD RREF, M-, g, Q,,

WITH THEIR. EARTH
VALUE

t

LOAD J2' J3' J4WlTHJTHEIR EARTH VALUES

11

J22= 0 IJ31= 0

EARTH_LUNAR

I 3=OJ4=O

LOAD RRE G, _, g,_o

WITH THEIR LUNAR
VALUES

LOAD J2' J22 WITH

THEIR LUNAR VALUES

TRIAX

LOAD J3 AND J31 WITH

THEIR LUNAR VALUES

P

Figure B-87.- Flow chart of subroutine SETPC. Page l of 1
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i=

i=

<

1

.___I'CALL RANNO TO GENERATE A NINE-I

IMENSIONAL RANDOM VECTOR _'/ I

STORE THE FOLLOWING INITIAL

IMU MISALIGNMENT ANGLES FOR

THE iTH COMPUTER:

_x,o = _/I ' °'ALNi

_,o =_2 _ALNi

e_,o=,73 • _ALNi

IYES

Ef
,.__CALL RANNO TO GENERATE A NINE-

D MENSIONAL RANDOM VECTOR

I

l STORE THE FOLLOWING IMU GYRO

DRIFT RATES FOR THE iTH COMPUTER

Ox = "ql ' _DFT i

@y = "q2" e'DFT i

@z = 'r/3" _OFT i

_+1 I= N° _

-1

Page 1 of 2

Fiqllre B-e_S .- Flow chart of suIir_/t'[ine SETPLT.
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0

I CALL RANNO TO GENERATE A I
NINE-DIMENSIONAL RANDOM

VECTOR _ I

f
STORE THE FOLLOWING NINE ACCELEROMETER

MISALIGNMENT ANGLES FOR THE iTH COMPUTEB

9

_. _9 =Ir/jaAALitj= 1"_j:z

>
'ES

'1-3

I CALL RANNO TO GENERATE A
= NINE-DIMENSlONAL RANDOM I

VECTOR _ I

t
STORE THE FOLLOWING ACCELEROMETER

READ BIASES FOR THE iTH COMPUTER

JPJ - • j -

I=i+l =

(ES

E_
r

I CALL RANNO TO GENERATE AININE-DIMENSIONAL RANDOM I

VECTOR _ I

i
STORE THE FOLLOWING ACCELEROMETER

SCALE FACTORS FOR THE iTM COMPUTER

j:l +'r/J " °'si j= 1

•_ i=i+l _IpLTN=I_

Page 2 of 2

Figure B-88 .- Concluded.
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%% = _SR

o-B_0 = 0.333 FPS

a'B_O --0.005 RAD

--0.005 RAD

o.BSXTx,0 = 0.0002 RAD

O-BSXTy, 0 = 0.0002 RAD

O-BSXTz,O-- 0.0002 RAD

(rBVHFo --o'BvHF

IRBIAS -- 2

=1
RBIAS

YES

LL RANNO TO GENERATE A

FIVE-DIMENSIONAL RANDOM

VECTOR 'rl

AS (i)= 166.7 r/l_"

RBIAS (2)= 26.7 _5

aR = '71:'aR

Figure B-89.- Flow chart of subroutine SETRBS.

Page i of 2
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mBsx T = mBsx T
X xlO

°'BSXTy CrBSXTy, 0

O'Bsx T = O'Bsx T
Z zeO

a'BvH F = a'BVHFo

NO

NO

CALL RANNO TO GENERATE A
FIVE-DIMENSIONAL RANDOM
VECTOR _"

tl-

8SXT ='191' _BsxT
X X

8SXT = _2"°'BsxT
Y Y

8SX T _E_/3" °'BsxT
Z Z

8RvHF = 174"°'BvHF

VHFBIAS(1) = 132 • _/4

VHFBIAS(2) = 118. Y/5

Page 2 of 2
Figure B-89.- Concluded.
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E

E

E

o_

+lI

NO

' i
fNO

_No
iil=lTH R+lj

"4"

I
F_0, j, k)= FNOM(i , j, k)

I_PA(i, j, k)= I s (i, j, k)PNOM

t
_ ' " = -t- PF(i, j, k)_ • FNOM(i , j, k)./_ < IFA(',J,k) [_

l_PA(i, j, k)= [_+PlCi, j, k)] _ISPNoM(i, j, k)
I
i [CALLRANNO TO COMPUTE ]

|A TWO-DIMENSIONAL

RANDOM VECTOR _/

t

FA(i, j, k) = FNOM(i, j, k) + 'r/1. _F(i, j, k)ISPA(i, j, k)= ISPNoM(i, j, k)+ "r/2" ot(i, j, k)

ai.

,ql

Page l of l
Figure B-:)0. Flow chart of s..broLitine SETTHR.
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lp

0

, 7oo.___
%= vG----_--

DPS

IS_BURNL N_ YES

/ TO MEET THROTTLE UP

Figute B-91 .- Fio_.chart of sllbro_tinesHORTB.

Page i o_ 2



.594

REMOVE BUILD UP AV FROM V G

K 1

VGA = VII - 7

VG" m 4- K2 ]TGO - K3

©

NO _YES

[ 5"F IVGB- rn- 3.5 rfl

Page 2 of 2

Fig.re B-91.- Concluded.



39_

t

SXs__J
k=O I

I
t

_I_ +_I

YES

BX S

_R = 8_s

_,v:l_sl

Page 1 of i

• Figure B-92.- Flow chart of subroutine SMEAN.
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IF A =

CALL ENCKE TO ADVANCE

XE, I AND XE, J TO TIME T

1

('/= XE I ; = XE,j
I ' Vj

ESO_ YES

_NO
OBTAIN TF USING Ej,Vj, _t
IN THE TIME - THETA ROUTINE TIMEPI

__NO

[ TI=T+TF ]

t_o

CALL ENCKE TO ADVANCE XE, JTO THE INTERCEPT TIME T I

8T - Rj - 8r

Vj XRjI

_[ TF= TI - T 1I

I

=_I TI= TI + TF

ITF = T I- T

1
TT = T - 8T

Figure B-93.- Flow chart of subroutine SOR.

Page 1 of 3

J
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I

i

397

CALL QRD TPI TO:

1. USE THE DESIRED HEIGHT DIFFERENCE AH D TO

COMPUTE THE PHASE ANGLE REQUIRED AT TPI

2. INTEGRATE THE PASSIVE VEHICLE'S STATE XE, J
TO PHASE MATCH WITH THE REQUIRED CHASER

TPI PHASING, OBTAINING R_, Vj°

1
CALL COE USING l_j,Vj',AND AH D TO GENERATE THE I

CHASER'S REQUIRED COELLIPTIC POSITION AND VELOCITY I

VECTORS AT TPI : RT' VT I
1

1. CALL ENCKE TO INITIALIZE THE CHASER STATE

RT, V T AT TPI

2. CALL ENCKE TO TI TO OBTAIN RT, VT AT CDH

I'"O=";R,1
t

CALL TIMEP TO ADVANCE

Rj THROUGH THE ANGLE 8,

OBTAINING _j

t
COS8 =/-_-i/./-_j /

=UN,TI_`×%)
=UNIT(_j×RI)

sin8 = SIGN (U" P)-)I(_I - COS28

t_

YES

C_,_(_Ai

NO

1
CALL ENCKE TO INTEGRATE

,-IXE,j._TOTIME T, OBTAINING

I Rj, Vj

Figure B-<:)3.- Continued. Page 2 of 3
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CALL COE USING Rj, V j, AND AH D

COMPUTE THE DESIRED CHASER

COELLIPTIC ORBIT AT T I : RT, V T

CALL ENCKE TO ADVANCE THE I
I

PASSIVE VEHICLE TO TIME T T I

YES _

Toil
R'T = R'j

_'T = V--j

ICALL INITV USING T F, R I, V I, AND RTI

TO COMPUTE VI,AND VLI- I

_1 = vl - v,

AV2 = VT - V

TI=T

T 2 = T I

CALL TPI TPM TO ROTATE

AV'S INTO LOCAL VERTICAL

Figure B-93.- Concluded.

Page 3 of 3

1

Q
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ADVANCEX E,I

FENG(i) = F/_ _, IM1, I)

FENG(i)

V_/ENG(i) = * (i, I/)
ISp A IMI'

ATENG(i) = ATI_PA (i, 'MI' ')

TO TEX WITH SUBROUTINE ENCKE I

i=1

IM1 = IEN G -1

-- I IM1

f
.-ti=,+l I

NO_ YES P'I

FENG(1) = ENO_ FENG(1)• COS (CANT)

• ENG(1) = ENO-_ *ENG (1)

FENG(6) = F/_ (10, IM1, I]

FENG(6)

WENGc6)= * (lo,'SPA '_'9

ATENG(6) = ATI_PA (10, IM1, I)

ATT0 = ATENG(6)

_vs=IAV_xl

Figure B-94.- Flow chart of subroutine SPLIT. Page 1 of 2



4oo

CALL SUBROUTINE START TO COMPUTE

THE BURN TIMEAT B

1
_V-_x=AVs_UN'T(_EX)

1
TIG = TEX- _-,AT B

TEVEN T = TIG

TEX = TIG

IMOVE = 0

I
CALL SUBROUTINE PROPAG TO MOVE I
XE, I TO TIME TIG I

C_,__3=
VIG / XE,I

oos,,--u,,T(,,4.uN,,(_4
H--I_,_×_MI

_F ('ENd'')
a = WA,I

AVs_ H
8 T -

a_ R_G

1
e= C0S -1 (COSe.) - _ .eT

AVEx(1) = &VEx(l) • COSe - AVEx(3)-_ SINe

&VEx(3) = AVEx(1) • SINe + AVEx(3) _ COSe

Figure B-94.- Co.cluded.

Page 2 of 2

i,



4ol

41'

W

i

N3= 3.

N4= I

WAT (l_ = W0

WT= W 0

AVTo T = AV

N4= 2

ISTOP = 0

tiM(l) = 0

tB= 0

AVTo = 0

I=0
_ F(NP)

ISPNP -_

Figure B-95.- Flow chart of subroutine START.
Page 1 of 6
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I=l+l

WAT (I) = W T

tiM (I + 1) = PHT (I)

F(I)
ISp = -_--_-_

CALL TIMEB TO FIND HOW LONG IT WOULD TAKE TO
BURN OUT THE REMAINING &V WITH THE THRUST

LEVEL OF THE CURRENT PHASE. OUTPUT: t,WBo

NO

>

I AV 1 =AV-AVT0
_ F(I)

ISp @(I)

--- AVTo = glSPNP
In

BO - 7_(NP) AtTt

CALL TIMEB TO DETERMINE THE

At OF TAIL-OFF

t = A-t T 0

ISTOP = 1

PHT(NP) --- AtTO
1,

Figure B-95.- Continued. Paqe 2 of 6



ho3

Q

CALL TIMEB TO FIND THE BURN TIME REQUIRED
AT THE THRUST LEVEL OF THE PRESENT PHASE
THAT WILL BURN OUT AW

,L

>

t = tiM(1 + 1) - tlMa)

NO t B = t B + t J

_vl--g,sp'°/_-_---/=
AV = AV - AV 1

Figure B-95.- Continued. Page 3 of 6



_0_

tiM(l+ i)= t+tfM(1) lN3= I

WAT (1 + 1)= W T - w(NP)&tTO

&V = &VTo T

tiMN4 = tim ('N4)

N 5 = N3 + 1

tiM (I) = tim (I) - tlMN4; I = N4, N5

lr'

Figure B-95.- Continued. Page 4 of 6



4o5

?
_ F(1)lISp - '_-(i-)

CALL TIMEB TO FIND BURN TIME
REQUIRED FOR THE RCS MANEUVER

OUTPUT: tB FOR THE RCS tiM(2) = t B

tiM(l) = 0

N3

Z_tBI =

N4
'It + (WAT (I)+ vv(l)tlM(l}l (W v_(1)(tlM(I+ 1)- tiM(1))1

F(l) (1+ 1) - tiM(I) In AT (I) -
IM \ v_(I) WAT(l)

"' [" *_"(',o+- }lF(l) AT(l)- 1) (I)
"_-_- In M tiM

N 4 L WAT (I) j

O

t B

Figure B-95.- Continued. Page 5 of 6



,I

_)

_u--UN'T(_vEc)
0_-_s,N-l(_vo3)
yztAN-l(_Vu2

Page 6 of 6
Figure B-95.- Concluded.
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U

x2 3

Page I of 1

Figure B-96.- Flow chart of subroutine STAYT.



4o8

IE ---.E + AE I1=

T = INTEGER 12--_I

M

M= MOD /M 2T_
/

E=M

I M -M 1hE- -1 -ecos E

NO

0 = 2 tan -1 I_T-2- _ tall + 2_" T

Page i of I

J
P

,6

Figure B-97.- Flow chart of function TA.



4o9

COMPUTE THE JPLEPH CONSTANTS

JYEAR = INTEGER (ByEAR)

TLHRS BHOUR + (BMIN +BoSEC/60)

K= BMONT H - 1

KEPOCH = JYEAR

YES

YES __.

DAYS : BDA Y +
Frl=

<6_>6

YES NO

COMPUTE THE JULIAN DATE

TjD = 2436934.5 + .365 (JYEAR- 1960)

JYEAR - 1961
+ + DAYS

4

USING TjD OBTAIN THE EPHEMERIS ]DELTA TIME FROM THE STORED
TABLES

Figure B-98.- Flow chart of subroutine TAPEUP.

L
MO(2) = 29 J

-- KEPOC H = KEPOC H + 11

Page i of 2



REWIND UNIT 11 I

READ THE FIRST RECORD OF UNIT 11 TO OBTAIN

JFYEAR THE STARTING YEAR OF THE TAPE

1

PRINTA MESSAGE

INDICATING THAT
THE TAPE FAILED
TO INITIALIZE

CALL JPLEPH TO INITIALIZE
THE EPHEMERIS TAPE

YES

Page 2 of 2

ii! j

1t.

Fiqm'e B-gs.- Concluded.
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4m.

i n
WRITE = IWRITE

.E_ = E L

NED H = NCD H

T-_ _
CDH - TCDH

T _ =T
NEXT NEXT

1
J--'3"1 I

= 2 - iOR B J
i

+
SET THE GUIDANCE FLAG

IFLAG= 1 IMPULSIVE MANEUVER

i'E×__'LEN=Oi

IFLAG=2 EXTERNAL AVGUIDANCE

(USED FOR ALL MANEUVERS

EXCEPT IMPULSIVE SIMULATIONS

AND THOSE SPECIFIED BELOW)

IFLAG=3 LAMBERT GUIDANCE

_LEN -- 2,3,4,7,8,9,101

IFLAG--4 DESCENT GUIDANCE

_-EN=13,2o}
IFLAG=5 ASCENT GUIDANCE

_E.--141
IFLAG=6 AGS GUIDANCE

('tOM =31

IFLAG= 7 BREAKING MANEUVER

(LEN = 111

Page i of 14

Figure B-99.- Flow chart of subroutine TARGET.
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I JPASS =

JNEXT = 0 I

I OTHER I

._L_.LUEs J

'_°__=

I JPASS = ICOM I

"_--_ IpAss = JPASS ]

J KpAS s = IpASS ]

_ KpASS : IpASS

Figure B-99.- Continued,

-41

Page 2 oF 14



41W

----5

TT_ I+ TBIAS _KpAsS)

YES

page 3 of14

Figure B-99.- Continued.
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?
CALL PROPAG AND ADVANCE

THE IpASS COMPUTER STATES

TO TEVEN T

CALL XESTAB AND OBTAIN XE, I

ANDXE, J FOR THE IpASS

COMPUTER AND INITIALIZE ENCKE
WITH THOSE STATES

;m

TEX = TEVENT /_

JNEXT "= 0

=1

SS

NO

LEN

I

TNE×T= TTp FI _

CALL SOR AND COMPUTE THE

STABLE ORBIT MANEUVER

SPECIFIED BY LEN

YES
NO

Figure B-99.- Continued.

[JNE×T
--0

Page 4 of 14

lb.



glr

= 5,26

i

"ES

_?cs,:TEVE"_

IL_.='-':"|
_ILEN = 5

L"CD":"C_Hi

YES

415

>6

=6

ADVANCE THE ACTUAL STATES 1IN THE AEG TO TCS 1

x_,j=x_,j|

THE CSIMANEUVER

_'_ :K''''''_

I TTPI = TTPI I

LEL -- EL ]

i
[CTALL CFP AND cOMPUTE'_

HE CDH MANEUVER ]

RELOAD XA,

INTO THE AEG

NCD H = NCD H +

YES

IEXT = TCDH

26

Figure B-99.- Continued. Page 5 of 14
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=7

EL=E_I
JNEXT = 2 1

<>

>I0

OTHER

yALUES

f

CALL PRETPI AND OBTAIN I

THE TPI MANEUVER I

I TNEXT -'= TTp F

8,9,10

p

CALL MIDCI_S AND COMPUTE I
THE INTERCEPT MANEUVER I

,13,14

TEX = TEVEN T

JNEXT = 2

I =1
SPLIT

CALL DOI AND OBTAIN
THE DOI MANEUVER

lJ

Figure B-99.- Conti,med.

Page 6 of 14
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--15

JNExT -- 0 l
AVEx(1) = 0

AVEx(3) = 0

NO YEs

SAVMAN {5,1pASS ) = U'V,

YES

N

 'WRITE='PASSl

,o ,I
CALL PROPAG AND ADVANCE

I THE IWRIT E STATES TO TEVENTj _

CALL XESTAB OBTAINING

XE, J AND XE, I OF THE

WRITE COMPUTER I

AVExC2]= - 0" gll

()

=16

=17

I DVANCE THE ACTUAL STATES IIN THEAEGTOTNc C

X_I !XA I

x !,;XAi,I

i LOADTHEIPAssCOMPUTER
XE, I AND XE, J INTO THE AEGJ

CALL BUTTON TO COMPUTE
THE NCC NSR SEQUENCE

I EX = TEVENT IISPLI T = 1

]SAVETNsRAND_NsR_V,L

RELOAD THE ACTUALSTATES NTOTHEAEG

Page 7 of 14

Figure B-99.- Continued,
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=18

ITNsR = TEVENTI

SET THE NSR MANEUVER TO BE THE ]

VALUES STORED IN COMPUTING NCC IOR THE DKI MANEUVERS

._.__"JNEXT = oI
ISPLIT = I

=19,20

_ _s.--oI
=0 11

CALL THE AEG TO TNS R AND I
i

I

SAVE THE ACTUAL STATES I

__LOAD THE AEG WITH XE, I

AND XE, J OF THE IpASS
COMPUTER

ICALL COEDH AND COMPUTE 1THE NSR MANEUVER I

_ NO

I ALL PROPAG AND ADVANCE
XE, I,XE, J TO THE NEW NSR
TIME

IRELOAD THE ACTUAL I

STATES IN THE AEG I

>20 =_

ADVANCE THE AEG TO TEVEN T

AND SAVE THE CSM ACTUAL STATE

LOAD THE ESTIMATED ISTATES XE, I ]

I THE PLANE CHANGE

,1
STATE INTO THE AEG

Figure B-99.- Continued. Page 8 of 14



4z9

_r

ks10 = 5 I _

JNE)_T - 0 J_

TEX : TEVENTI

NO _PAS

,0

I

I_'_, rNO

[_i lCOUNT = ksl7 J

Figure B-99.- Contir}ued.

Page 9 of 14
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I
G

y

TDEL TCD H-T E IT+P,--+EvEN;]

©

=0

= =-1

I'COONT='COUNT+'p-

r r

CALL AGS TO COMPUTE I

_1-THE MANEUVER DEFINEDI._

=2,

NO --'1

---t ks,o_I _o= XE, I XE,j

f

TE= TE- 1200i

kEL = 0 I

TDE L = 1200 1

!

(_ ADVANCE XE, I AND XE, J ITO T E WITH AGSKEP

Figure B-99.- Continued.
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TNExT = TTPII

YES

=6=6 _ : i, 5

I. G I

@

TE = TTPI /

tkslo = 4

TTp F = TTp I + Xj6

IONOF F = i

--ITE=TE+2 I

i

YES

r

t
_ kE/= 2

18T=O

Figure B-99.- Continued,

Page ii of 14
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()
=o< _

0

U= UNIT (_j×_j)

SaVMaN(s, 'PASS) = U. -_,

___o

___NO

I '_,c--'Aci

YES

NO

gES

1=

YES

Page 12 of 14
Figure B-99.- ConLinued.
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C
I

_o_

,)

>
YES

YES

=0

SAVMAN (_, IpASS ) = TEX

SAVMAN (2, IPASS ) = &VEx (1)

SAVMAN (3, _PASS) = AVEx (2)

s_,vMA.(,4,'PASS): AvE×_S_

|PASS = IPASS + JSKIP

NO

Figure B-'99.- Continued.
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b-2b-

TEX = TEX

AV EX : AV EX

XTARG = XTARG

TTp F = TTp F

IAC = I_G

!

TEVEN T = TEX --IpASS = ICDM

YES

Figure B-99.- Conch,ded.

Page 14 of 14



25

E

[CALL AEG TO T FOR VEHICLE L I

I Rv=IR,I I

CALL TRANCO WITH XLS

AND OBTAIN RLS THE

SELENOCENTRIC LANDING

SITE POSITION AT T I

T I = TLO N I_

NO

NO

CALL TII-L WITH bAND

OBTAIN TLO N THE TIME

OF ARRIVAL AT '_ AND

II_LI AT TLO N

I =TLoNI

Figure B-IO0.- Flow chart of subroutine TCONE. Page 1 o[ 1



AV 0 =- AV 1

AV 1 -- AV 2

AV 2 = ,_V 3

AV 3 ==LW

] 1 1

P

S V ZT
e

•r- 2 _T
4

•r+'r -AT

2

V
e

a-
T

1

NO

AVI= aAT I

AV 2 AVll

AV 3 AV2J

Page 1 of 1

Figure B-10! .- Flow chart of s_lbrol,tine THRFIL.



4-27

a,,

CALL PARAM AND I
I

OBTAIN a N, Pn" cot _ UN, URI I

CALL UNIVAR AND OBTAIN I

I

X,_ ¢, C1, C2 I

I CALL KEP AND OBTAINTHE TRANSFER TIME T21

NO

CALL STAYT AND

ADVANCE RI AND

_1 THROUGH T21

Figure B-lq2.- Flow chart of subroutine TIMEP.

Page 1 of 1



k=O
N=O

ATcA = 5 S EC

T = TSTAR T

I CALL SUBROUTINE AEG TO ADVANCEXA, I TO TIME T

l

NO

£

YES

'ibR= @R,O RS = RLSA

'kR= XR, 0 RS =IRsI
RS -- RRE F + H

_o_+_,co__,_• _
Rs=_COS@R • SIN X R

',,_N4'R_ RS

r
CALL TRANCO TO OBTAIN-Rp, WHICH IS RS CONVERTEDFROM SELENOGRAPHIC COORDINATES TO SELENOCENTRIC

1
CALL SUBROUTINEAEG TO ADVANCEXA, I TO TIME T

Figure B-103.- Flow chart, of subroutine TPASS.

Page i of 15
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?

XR = TAN- I (R____X)RP,Y

bI = sin (INC) • sin _R

b2 = cos (INC) • cos _R

b3 = cos _R

AX = XR -'_'1

fi= nl+_ I

[blO+ sinAX-_ (b20-b3,0,)-

b = TAN -1 [- _ _-__-3 _-: b2__

(

,o_u=b-Moo(u,,2.)
k=k+l

1

Figure B-103.- Continued.
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h3o

_

_

T = T-FAT J

>

<

<

PRINT MESSAGE

PRINT ERROR MESSAGE ]

8=cos -3" _3cos b cosA,k _-si,,b (bl + b2 sinA,X))

7r -J. fRS _ cos eMIN_

- (MIN - SIN RI 7

N=N+I /c )

os28 - cos 2 8 A

e TAN-1 \ cos 8 A

TSAVE(N) = T

TSAVE(N) = 2(_)

Figure B-103.- Concluded.
Page 3 of 3
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f

I CALL PMATRX TO OBTAINEBRLV] FOR Rj, Vj

i

1
CALL PMATRX TO OBTAIN

[BRLV] FOR R,,V, 1
I

I _--V'I(LV)= [BRLV] _"Vl

I
COMPUTE THE OUT-OF-PLANE POSITION

_.ow_oc,T__A_T.
_--U.,_(_._.)
Y= RI" H

_'= VI • H

®
YES

I ET THE OUT-OF-PLANE COMPONENTOF A-V1 (LV) EQUAL TO -Y

Figure B-104.- Flow chart of subroutine TPITPM.
Page 1 of2



©

_3 2

OBTAIN VI' , THE VELOCITY OF VEHICLE I

AFTER DOING FIRST MANEUVER

Vl '= _#I + [BRLV]-I A--ql (kV)

i

CALL CONIC WITH 1_1' VI AND ADVANCE

THROUGH AT TO OBTAIN THE LAMBERT

TARGET VECTOR RT AT THE TIME T2

CALL PMATRX TO OBTAIN

[BRLOS] FOR RI, V I

LOAD THE EXTERNAL AV PARAMETERS

AVEx = AV 1 (LV)

TEX = T 1

PRINT THE LAMBERT MANEUVER AV DISPLAY

AV, &V 1 (LV), AV 1 (LOS), AV 2 (LV)

Figure B-104.- Concluded.
Page 2 of 2
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IROTATE THE POSITION VECTOR

I TO INERTIAL COORDINATES

I_ =[A]-_
1

I

EARTH

LU NAR_

CALLJPLEP,TOOBTA,N
THE LIB.ATION MATRIX[PNL]

I

=3_--I

ROTATE THE POSITION VECTOR
TO PLANETARY COORDINATES

XR = lAIR

I
ROTATE POSITION--C

N ROTATE POSITION°_/{PT'O_CA'_OV_'O_'T__:O_
= TED = -

"_ AND VELOCITY "_[F=1
INCLUDING LUNAR I

A ROTATION ROTATE THE

_= 0/;( _= 1 VELOCITY TO
i_'OR1N ._ PLANETARY

L , ! _ _ / | COORDINATES

I P-_1 Lx_=_l ]L

Page i of 2

Figure B-105.- Flow chart of subroutine TRANCO.



)43h

i
,-,uiATE ThE VELOCITY TG
INE,,TIAL CCC;:DINATES

l

d

Page 2 f i_

Figure B-105.- Concluded.
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CALL PALIGN TO OBTAIN

[BRNB] FOR_ A, OTA

J,,
I OB= [BRNB] _G

NO

CALL RANNO TO OBTAIN
RANDOM VECTOR

RCS

YES

I

ALL
OTHERS

LM

[ %:OR1

_R(2) = 0.5-_'r/1

VR(3) = 0.5-_2

Page 1 of 3

Figure B-106.- Flow chart of subroutine TRIM.



9
|

CALL RANDU TO GENERATE RANDOM I

VECTOR _ WITH UNIFORM DISTRIBUTION I

ACCOU_NT FOR THE CSM PIPA OUANTIZATION

VA=VA-0.2S,GN(_,VR)

1_ YE S

AM,N: M'N[t_R_l_l,VTR,M_'_

NO

&

VR = UB + SIGN (AMIN, _R} 1

_I _G-- [BRNB]-ITR I =.-I

_A=vi+%
_E TM _E + _G

$
f

Figure B-106.- Contimlecl. Page 2 of 3
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8_

NO

I VM=VM+VG I

Page 3 of 3

'_ Figure B-106. - Concluded.
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I

CALL GIMAG TO GENERATE I

THE TRIM GIMBAL ANGLES YT' PT I

oo_(_T)_O_(._)

-co_(_T)_i°(PT)

CALLPAL,GNTOGENERATEALM_PE
OFRFFSMAAT,_4

Figure B-107.- Flow chart of subroutine ULLDIR.

Page 1 of 2
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?

UTA = FIRST ROW OF [TLM ]

I_

]PRINT: SUBROUTINE 1I ULLDIR NOT INITIALIZED

Page 2 of 2

Figure B-107.- Concluded.



f_= 1 ]

!-

I - cos 8

NI= i

YES

col r )

YES 

[_ si,,o I_3 = (1+cos 0 - sin_q cot r)

_3 = 1

_3:,/aN4+.2"+__

NO YES

INI=NI+I I

$ _2
a-

3

"-I_

F

a=_ 1

Page 1 of 2

Figure B-I08.- Flow chart of subroutine UNIVAR.
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NO

2
b= aNa

XN= i

DI= i

D2= i

DI=DI+2

D2=-D 2 • B

XN = XN + D2/D I

f7=l I

X=XN r_1 )

CI= _PN' (tl)'C°t

C2= i -(Z N

f7=O

i

D

,_0

I X N = 16a X N

Figure B-108.- Concluded.
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I RETRIEVE XE, lAND
XE, J FROM THE SAVE

ROUTINE XESTAB

l
lNITIALIZE THE ONBOARD INTEGRATOR I_c_,z.t._0_o0_oES_,_TEOi

YES

NO I
= I ATMARK = 60 SEC I

C
NO

,r

Figure B-109.- Flow chart of subroutine UPDATV. Page 1 of 10
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©

>YE S

]0

NO

YES

KBS = 0 I

N-- -I ----

T = TSTAR T -ATMARK

1
I N= N+IT T + 6TMARK

1
ADVANCE XA, I AND

XA, J TO TIME T
WITH THE AEG

_NO

Page 2 ofi0

Figure B-f09.- Continued.



/_)4LI

L
ESM.B3= D3

?
RRE L = RA, J - RA, I

VRE L = VA, J - VA, I

CALL CPEM TO
PRODUCE PLATFORM

ERROR MATRIX

Epc_]

1
I ['_]:c<ml

NO

Figure B-109.- Continued. Page 3 of i0



445

g6,

IKBS--lli 1
|

CALL RRSMNB TO COMPUTE THE [SMNB] MATRIX I
WHICH ROTATES FROM THE ACTUAL PLATFORM iORIENTATION TO THE ACTUAL L-O-S

l
I[NBSM]: [SMNB]_I=-I

1
CALL OBS TO PRODUCE THE
OBSERVATIONAL DATA FOR
THIS MARK

-< .@

NO

Figure B-109.- Continued. Page 4 of 10



RR_
CALL RR TO INCORPORATE

THE OBSERVATIONS OF THIS
MARl< INTO THE PGNCS ESTI-

MATED STATE VECTOR
BEING UPDATED

I _OREEST,_ATEDI
I STATESIN×ESTAB1

DISPLA3

SXT/VHF

CALL RNR TO INCORPORATE
THE OBSERVATIONS OF THIS
MARKINTOTHECMCESTIMATED
STATE VECTOR BEING UPDATED

Page 5 of 10

Figure B-109.- Continued.
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?
1.0 CONVERT RA TO N. MI.

i

2.0 ROUND OFF RM TO NEAREST 100 FT !AND CONVERT TO N. MIo

3.0 ROUND OFF I_M TO NEAREST 1.0 FPS

_'RE = -RE, J - ._E, I

AV E = VE, J- VE, I

RpGNC S = I EI
I_PGNCs = AV E • _"RE_AREI

1.0 CONVERT RpGNC S TO N. MI. AND

ROUND OFF TO NEAREST 0.01 N. MI.

2.0 ROUND OFF I_PGNCS TO NEAREST 0.1 FPS

STORE THE FOLLOWING PARAMETERS:

RA, RM, RpGNC S,l_ A, I_M,

I_PGNCS, RM - RA, RpGNC S - RA,

RpGNC S - RM, I_M - I_A,

I_PGNCS - I_A, I_PGNCS - I_M

Figure B-109.- Continued.

Page 6 of I0



NO

I

ADVANCE AGS STATE VECTORS I
AND COMPUTE RAGs AND RAG S I

1.0 CONVERT RAG S TO N. MI. AND

ROUNDOFF TO NEAREST 0.01 N. MI.

2.0 ROUNDOFF RAG S TO NEAREST 0.1 FPS

STORE THE FOLLOWING PARAMETERS:

RAG S' RAG S' RAGS-R A,

RAG S-R M, RpGNC S -RAG S ,

RAGs-RA' RAGS-RM'

RpGNC S -RAG S

Fiqure B-109.- Continued. Page 7 of 10



bb9

®

CALL CATIME TO PRODUCE A TABLE
OF TIMES OF CLOSEST APPROACH OF
THE VEHICLE TO THE LANDMARKS
TO BE TRACKED. THE TABLE IS

COMPUTED BETWEEN TSTARTAND
TSTOP

= TABLE OF CLOSEST APPROACH
TTRK TIMES

NTOTA L = NUMBER OF ENTRIES IN THE
CLOSEST APPROACH TIME
TABLE

1
I _TTR K =-120 SEC INT=O

STORE XE, I
IN XESTAB

<

>

ITTEsT=TM(N)+ATTEST I

:TTRK (

Figure B-109.- Continued.

Page 8 of10



K='<TR,<_
t

RLM = R0 + HK

_ ff,_cosp#
R,_RLM_COS('_,<)

+ ATTRI< [

IESMNB3= D]

YES_

CALL AEG TO ADVANCE 1XA, I TO TIME

t
CALL TRANCO TO CONVERT RLM

TO SELENOCENTRIC COORDINATES
AT TIME T

t
FREL=RLM-_A,II

t
CALL RRSMNB TO COMPUTE THE

MNB] MATRIX WHICH ROTATESOM THE PLATFORM ORIENTA-
TION TO THE L-O-S TO THE
LANDMARK

t
=I 'd=oENBSM"]=[SMNB]T

Figure B-t09.- Continued,

Page 9 of i0



T

_1N--N+_1
I TM(N) = T

t
ICA_._oTOAOVA"C_XA.,TO""_T_'I

1
CALL TRANCO TO CONVERT RLM TO SELENO I

CENTRIC COORDINATES AT TIME TM(N) I

t
I RREL = -RLM - "RA,I

I

t
CALL ERRSXT TO COMPUTE
THE MEASUREMENT ERROR

MATRIX EEl

_M=[_]"_
STORE UM AS THE NTH VECTOR

OF THE UNB ARRAY

|

= T + ATMARKI:

CALL ONR TO INCORPORATE THE
OBSERVATIONS OF THE FIVE MARKS

ON THE KTH LANDMARK

Figure B-109.- Concluded. Page 10 of 10
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NO

IAV E = A-VE 4-A--V]

T--2 MAX* ]

YES

- = _TRT2

AT =b ATLAST

VG -- + b AT - A--9E
- VGLAs T NMAX

CALL INITVAND OBTAIN

V T, THE DESIRED VELOCITY

OF THE TRANSFER ORBIT

_--9E = 0

- = V TVGLAST

VT - VR
AT- 2_

T

Fig[we B-110.- Flow chart of subroutine VTBG.

+ gb (T - TIG) -V

Page I of 1



_55

b

Jp=Jp-1

---Q
E ..,-3

1

W(I + 3k - 3) W(J + 3k -3)

W(1)=O; =i, 54

J =21
P

J=30

N=O

Page 1 of 3

Figure B-111.- Flow chart of subroutine WMATCN.
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l=J

9

WsQ= '_. W(I +3k - 3) W(J + 3k - 3)

WSQ : kEiJpl - WSQ

>

] WL=/_ I

L=I+N I

W(L) = WL

: - 1
Jp Jp

r

<..

\

N=N+3J=J-i

Figure B-I ii.- ConUilued.

Page 2 of 3
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9

= _.
WSQ k = 1

W(I + 3k - 3) W(J + 3k - 3)

>

<

L= I+ N
W(L) = O.
J =J -1

P P

W(L)= \P/- wSQ

W L

J =J -1
P P

Page 3 of 3

Figure B-111.- Concluded.



)l!J(_

BRLOS_!0 _L- -b-, &--- ,_-G

-[i-- +1I

YES

EEl= [P].Ev_.Ew]LEp]T
di--= e_i i ; i= 1,9

IPRINT[W]ANDEElI
I

I_'"T_I=

CONVERT TO METERS AND MPS

w(i,j) = 0.3048 • w(i,j)
i= 1,6; j--1,9

-[

Page 1 of I

LOAD THE W-MATRIX COLUMN .ARRAY

W c INTO THE 9 X 9 MATRI× Ew]

YES

9_i=i+l

rNO l

w(j,i)--- Wc(j +3i - 3)

w(j +..3, i)= Wc(j + 24 +3i)

w(j + 6, i)= Wc(J + 51 + 3i)

-¢

Figure B-112 .- Fl._w chart of subroutine WMT.



h._'7

STORE

XE I

['C=M'N_''CO_I

_RETR,EVE

Ix_-x_,,<,_>I

READ NSAM, ISAVE

1
CALL PROCESS TO PERFORM STATISTICAL
PROCESSING OF MONTE CARLO DATA WHICH

HAS BEEN WRITTEN ON THE UNIT 13, DATA TAPE

-Figure B-113.- Flow charts of subroutine XESTAB and XMAIN.

Page I of I
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Page i of 2

v

Figure B-114.- Flow chart of subroutine XYZTOE.
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l-xCOSh+yS,_i_u = cos -zL IRI

1
SIN E-a_F_- _

COS E=eCOS8
i + e COS@

E = TAN -I I/sINE'_
kCOS E/

I
l_:E-e_,_I

g=U-e I

Page 2 of 2

• Figure B-114.- Concluded.
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APPENDIX C

DEFINITIONS OF SYMBOLS USED IN

SUBROUTINES OF AGAST
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APPENDIXC

DEFINITIONSOFSYMBOLSUSEDIN SUBROUTINESOFAGAST

¶

APS

ALIM

ANI

AN2

ATM

ATRIM

AZLIM

ACG

ACp

4

ascent propulsion system

limiting acceleration used for rate limiting in LM

descent guidance

initial maneuver line number

final maneuver line number

magnitude of the expected acceleration vector

prestored value of the acceleration during the

trim phase of LM descent

limiting value on the Z component of the thrust vector

commanded thrust vector in LM ascent guidance

total commanded acceleration in guidance coordinates;

includes thrust and gravity acceleration

total commanded acceleration in platform coordinates

acceleration vector caused by gravity

desired target acceleration vector in LM descent guidance

•unitized thrust vector, selenocentric coordinates

thrust vector desired, platform coordinates

desired thrust vector



[A]

[AT]

[Ao]

a

a I

aj

%

aN

apERT

aT

BR

BTM

BDA Y

BMONTH

ByEAR

B I ,B2 ,B3

464

a. rotation matrix that relates the AGS strapped down

platform to the AGS reference frame

b. rotation matrix from basic reference coordinates to

planetary coordinates in the state vector propagation
routines

rotation matrix that relates the AGS strapped down

platform to the BR frame

same as [AT]

a. general symbol for semimajor axis

b. rendezvous navigation parameter in DINCPI and DINCP2

semi major axis of the active vehicle

semimajor axis of the passive vehicle

magnitude of thrust acceleration in LM ascent guidance

mean motion

acceleration caused by gravitational perturbations of

the potential

thrust vector in LM ascent guidance

abbreviation for basic reference

measured RR shaft angle

base day

base month

base year

geometry vectors used in the navigational update scheme

of subroutine 0NR
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6

[B]

[BRLOS]

[BRLOS]A

[BRLV]

[BRLV]A

[BRLV]E

[BRNB]

[BA]

[Bc]

[Bp]

b

bat

bI ,b2 ,b3

[b]

C

CANT

CART

CARTL

CE

accelerometer misalinement rotation matrix

rotation matrix that relates the basic reference frame

to a line-of-sight frame

actual [BRLOS]

rotation matrix that relates the basic reference frame

to a local vertical frame

actual [BRLV]

estimated [BRLV] based on estimated onboard states

rotation matrix that relates the basic reference frame

to the navigation base frame

[B]-matrix for AGS

[B]-matrix for CMC

[B]-matrix for LM PGNCS.

argument of latitude of closest approach to

a landmark (in subroutine TPASS)

incremental change of the velocity-to-be-gained vector

for the time interval At

geometry vectors used in the navigational update routines

range or range rate RR filter weights

steering constant

cant angle

Cartesian state vector

Cartesian state vector (in subroutine AGSKEP)

product of eccentricity and cosine of the eccentric anomaly
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CAE

[c]

[CGp]

C-o

1

C. °

1j

c k

DAYS

DPS

DTMARK "

DCA

DIG

E

ELE

EA

EL

ENO

cosine of the difference between the present and

final eccentric anomalies

decomposition matrix for a covariance matrix E

rotation matrix that relates the guidance frame

to the platform coordinate system

product of eccentricity and cosine of the eccentric

anomaly (in subroutine OPS)

representative element of the decomposition matrix [C]

input to subroutine SENSOR which designates the method

used to simulate the current guidance cycle

number of days from the beginning of the year to
the base date

descent propulsion system

time between marks in the AGS RR update simulation

distance of closest approach between the CSM and LM

vector perpendicular to the plane in which the radius,

velocity, and acceleration vectors should lie at the

end of the current descent phase

integrated gravity acceleration vector per 2-second

computer cycle

a. eccentric anomaly (subroutine TA)

b. desired elevation angle (subroutine PRETPI)

classical orbital elements

actual elevation angle

desired elevation angle

number of RCS quads to be used

+
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[E]

e

F

FA

FC

FCMIN

FD

FEN G

FLIM

FMAX

FNOM

Fp

FSL P

FTAB

FTRIM

FI

F2

F6

SXT unit vector error matrix

orbital eccentricity

thrust magnitude

actual thrust magnitude

commanded thrust magnitude

minimum DPS thrust level

thrust level commanded by the descent guidance

thrust level passed to subroutine START

thrust level value used to limit the down-range

componant of the thrust acceleration vector

initial DPS full thrust magnitude

nominal thrust profile

value of the commanded thrust on the previous

guidance cycle

rate of change of the thrust level as a function of
burn time

table of thrust magnitudes used to determine specific

impulse values

constant that is representative of the DPS thrust

during the trim phase

thrust level at the beginning of each thrust phase

(subroutine RUNGA)

thrust level at the end of each thrust phase

(subroutine RUNGA)

flag that indicates whether or not subroutine TIMEP is

to advance the state vector through the time interval T21



F57

F6B

FA

F ' F"

f

f(x)

f3

f4

f

GEF F

GRAV

g

ge

gn

468

thrust level representative of 57 percent of DPS

full-rated thrust

thrust level representative of 63 percent of DPS

full-rated thrust

save table of actual thrust profiles

coefficients of polynomial used to calculate LM
thrust level at full throttle as a function of burn time

coefficient used in Keplerian orbit prediction equations

value of dependent variable in the regula-falsi iteration_

flag set to 0 or i according to whether the iterator should

use the regula falsi or bias method

flag set to 0 or i accoridng to whether the iterator is

to act as a first order or a second order iterator

flag set to i if the input requires the conic trajectory

to close through infinity

coefficient used in Keplerian orbit prediction equations

effective gravity

gravity vector computed in present 2-second computer cycle

gravity vector computed in previous 2-second computer cycle

same as G

a. acceleration caused by gravity at the earth's surface

b. argument of latitude of pericenter

c. coefficient used in Keplerian prediction equations

acceleration caused by gravity at the earth's surface

orbital rotation rate of the pericenter

coefficient used in Keplerian orbit prediction equations
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g
D

gAGS

n

gb

n

gp

H

HALT

H
a

P

g

h

hLS

h
n

h
pl

hp2

c

acceleration vector caused by gravity

same as GRAV

gravity acceleration perturbation caused by oblateness

of the central body

gravity acceleration vector used on the previous

guidance cycle

a. altitude of a landmark above the reference sphere

b. magnitude of the angular momentum vector

current altitude in the LM ascent guidance equations

altitude of the apocenter

altitude of the kth landmark above the reference sphere

altitude of the pericenter

angular momentum vector

a. current altitude in the LM descent guidance equations

b. argument of the ascending node of the orbital plane

altitude of the landing site referenced from the

mean lunar radius

rotation rate of ascending node of the orbital plane

pericenter altitude on the pre-CDH orbit

pericenter altitude on the pre-TPI orbit

unit angular momentum vector of the CSM

a. index of the active vehicle

b. general iteration counter



INC

INIT

INITRR

IABORT

IAC

IANGLE

IC

ICOM

ICOM

ICON

ICOUNT

470

orbital inclination

flag that indicates whether the current guidance cycle
is the initial one or not

flag that indicates whether the current entry to
the AGSRRlogic is the first entry or not

flag that indicates whether or not one abort from
powered descent is to occur

-i nominal descent

0 an abort is to occur

i abort has occurred

alarm flag that indicates the reason for convergence
failure in the CSI and TPI iterations

control flag that indicates the type of tracking data
to be simulated

0 use both range and angle data

i use range data only

2 use angle data only

computer flag

flag that indicates the controlling computer on the
current event

i CMC

2 LGC

3 AGS

saved value of ICOM

flag that designates the units on the input reference state

general symbol for an iteration counter
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Icov

IDIF

IDISPLAY

IDpS

IDV

!ENG

IEX

storage/retrieval flag for the covariance matrix
storage routine COVTAB

0 store

I retrieve

flag that indicates type of state vector to be processed

l A

2 _XE

3 axa

flag that controls print of AAh data and closest approach data

flag that indicates whether DPS engine is being used

flag that indicates route to be used in the

subroutine LVLHDX

0 convert from LV to BR

i convert from BR to LV

flag that indicates engine to be used to perform a maneuver

i RCS

2 DPS (or SPS for CSM)

3 .APS

maneuver simulation control flag

0 execute and trim residuals to zero

i 'execute and model trim
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IFLAG

IFLQGO

IFLVF

IFLVF2

IFLVP

IFPC

2 execute with no trim

3 execute with no trim and add pointing errors

4 do not execute

5 impulsive simulation

maneuver guidance control flag

i impulsive guidance

2 external AV guidance

3 Lambert guidance

4 descent guidance

5 ascent guidance

6 . AGS guidance

flag that routes the logic to set the LM descent braking

phase targets

flag that routes the logic to set the LM descent approach

phase targets

flag which when set to i routes logic to the velocity-

following mode in the LM descent guidance

flag that routes the logic to set the targets used by the

velocity-following mode of the LM descent guidance

ascent vertical rise control flag

0 nominal ascent

i vertical rise phase

ascent targeting control

0 target for altitude and velocity

i target for velocity only



o

J

IGUESS

IKNOWN

IMAIN

IMD C

IME

IMEDPS

IMON

IMOVE

INOMT

10NOFF

IORB

Ip

IpASS
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regula-falsi iteration control

0 do not attempt to guess at solution until solution has
been bounded

_0 make a guess at the solution even if the solution has
not been bounded

optical tracking flag that indicates whether the tracked

landmark is categorized as known or Unknown

index of the main thrust phase

index of the current descent guidance phase

index of the main thrust phase

index of the DPS main thrust phase

flag that indicates whether a computer is to be monitored

flag that indicates to the state vector propagation logic
which time value is to be used

flag that indicates whether AGAST is currently generating

a reference trajectory or a sample trajectory

initialization flag for the guidance equations

flag that indicates whether the 124 is in orbit or not

print flag

index that indicates which solution is being computed in the

targeting

i CMC

2 LGC

3 AGS



ipE

IpERTA

IpERTE

IpH

!

IpH

IpHASE

IpLTN

IpLTSG

IpRINT

IR
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4 MSFN

5 ACT/CMC

6 ACT/LGC

7 ACT/AGS

8 ACT/ACT

flag that indicates whether platform errors are to be

si_11ated or not

saved value of IpE

flag that controls the option to perturb the initial actual

State vectors

flag that controls the option to perturb the .initial

estimated state vectors

index of thrust phase

index of thrust phase on the previous guidance cycle

index of the current _escent phase
<

flag that specifies whether the platform errors have been

initialized or not

flag that controls the setting of platform errors

0 use input errors

i compute platform errors from _'s

print flag

flag that designates how the AEG is to output U and M

0 output U and M in the intervaul [0, 2w]

i output U and M in the proper revolution



475

IRAN

IRBIAS

IROT

iSAM

ISAVE

ISET

Isp

ISpA

i_p A

ZsPn

ISPNo M

l_p, l'_p

ISPNP

ISPLIT

controls the logic routing of the random number generator

1 output zeros only

0 initial call to RANNO

i subsequent call to RANNO

RR bias control flag

indicates whether an input covarlance matrix is to be
rotated or not

flag that indicates whether a mission event is to be a

reference point and what kind of statistical processing is

to be performed

reference point counter

indicates whether the input vector is in classical,

Cartesian, or spherical elements

specific impulse

acutal specific impulse of the current thrust phase

stored values of specific impulse for each thrust phase

specific in_ulse that corresponds to the colmnanded DPS
thrust level

nominal specific impulse

first and second degree time derivatives of the specific

impulse used in the polynomial in the descent guidance

specific impulse of the tail-off phase

flag that indicates if the burn ignition time and the AV

of an external AV maneuver are to be biased by subroutine

SPLIT to account for the finite burn effects
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ISPTAB

ISTAGE

0 do not bias the burn

i bias the burn

table of specific impulse values used to calculate DPS

specific impulse as a function of the commanded thrust

flag that defines the status of the DPS stage during powered

ascent

i nominal ascent with APS or DPS ascent without staging

the DPS

0 DPS staging is to occur

i DPS staging is to occur on the current guidance cycle

2 staging has occured ond the burn is being completed

with the APS

ISTAT E -

ISTBRN

ISTOP

ISXTB

ITDV

ITE V

!TR]_

I*
TkR

ITHROT

flag set to i or 0 depending upon whether or not the

initial state vectors for ascent have been computed by

AFLPN

flag that initializes the TG0 calculations by calling SHORTB

flag to control the logic which sets the time to end onboard

tracking

SXT bias control flag

flag set to 0 or i depending upon whether or not the automatic

target AV option is desired on all monitored computers
after a burn

flag that controls the setting of an event time

flag to control the logic which sets up a model of the actual

thrust profile

flag for each engine which designates whether a constant or

linearly varying thrust model is to be used for the main

engine phase of a burn

flag that indicates if the DPS engine is to throttle up

despite the short burn logic constraints
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ITIME

ITYPE

±UPDATE

IV

IVEH

IVR

IWMATRX

I_91TE

12pH

flag that indicates the form of the input reference state
t ime

flag that indicates whether an input covariance matrix
represents actual state vector uncertainties or estimated
state vector uncertainties

flag that indicates if the state vectors which result from
a MSFNupdate are to be transfered to the monitoring
computers

vehicle flag used in subroutine PERRO

index of active vehicle; in subroutine ONR,it indicates the
state vector being updated

vehicle index of the state vector which is to be transferred
from one computer to update another computer

W-mmtrix initialization control flag

flag that indicates if the out-of-plane velocity at a
maneuverpoint is to be nulled

flag that indicates whether or not two-phase descent is to
be used

qt.

[I]

i

J

JD

JDFLAG

JDGZ

JE_NTER

JF

the n by n identity matrix

orbital inclination

index of passive vehicle

dimension of the W-matrix (may be either 6 by 6 or 9 by 9)

flags that indicate which of the maneuver targeting

differences are to be produced

the desired Z-component of the target jerk vector in the

I_M descent guidance

flag that indicates a reentry condition in ENCKE

routing flag for the print logic of the onboard tracking
routines
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JFLAG

JKT, PHASE

JLOOP

JMFLAG

JNEXT

JPASS

JPHASE

JSFLAG

JSKIP

JV

Jl

J128

J2

a. internal routing flag for the logic of subroutine RNR

b. in descent, this flag determines which set of target

_ectors will be used for the current phase

the Z-component of the target Jerk vector for each phase of

LMdescent

flag that controls the cycle iteration during the preignition

phase

flag that designates which sections of the I/M ascent insertion

covariance matrix are to be entered as input

flag that indicates whether or not a TNEXT time is to be
computed in TARGET

first value of IpASS in the maneuver targeting loop in

subroutine TARGL_

flag that indicates current descent guidance phase

i braking phase

2 approach phase

flags that designate which of the maneuver targeting

solutions are desired

increment by which IpASS is increased in TARGET after each

targeting solution has been obtained

flag that indicates which vehicle's state vector is to

propagate the W-matrix in ENCKE

index input to SETTHR that indicates the first engine to be

modeled in the thrust setting logic

component of external AV in down-range direction

a. index input to SETTHR that indicates the last engine to

be modeled in the thrust setting logic

b. in the state vector propagation routines, J2 designates

a constant in the gravitational potential function

h
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R.

J228

J2E

J3

J328.

J4,J22,J31

J1900

J1964

jl

j2

j5

j6

j7

j8

j9

j!6

j17

j18

j21

j22

j23

component of external AV in cross-range direction

the J2 constant for the earth gravitational potential

function

constant in the gravitational potential function

component of external AV in negative radial direction

constant in gravitational potential function

Julian date of January l, 1900

Julian date of January l, 1964

desired TPI time

cotangent of desired LOS angle angle at TPI time

nominal landing site radius

desired LM transfer time for direct intercept transfer

routine

term in LM semimajor axis aL in orbit insertion route

lower limit of eL in orbit insertion route

upper limit of _L in orbit insertion route

orbit insertion targeted injection altitude

radar range rate

radar range

vertical pitch steering altitude threshold

vertical pitch steering altitude rate threshold

orbit insertion targeted injection radial rate
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j25

j26

K

KA

KI

KORIN

KOROUT

KRNDFG

KBS

KDI R

KENTER

KEPOCH

K_ST

KEVENT

{K.} 3
i i=0

altitude above lunar surface for an altitude update

radar filter update time initialization value_

a. in subroutine SAMSIG, this flag indicates the number of

variables to be processed

b. in subroutine COMDKI, this flag is an iteration counter

AGSKEP initialization flag

initialization flag in subroutine AGSKEP

flag that indicates the coordinate system of a state vector

being entered into a propagation routine

flag that indicates the desired coordinate system of a state

vector to be output from a propagation routine

flag that indicates whether or not the onboard tracking

equations have been initialized

flag that indicates whether or not the tracking vehicle

is to boresight along the line of sight

a. in AMAIN and INCOV, this parameter is the index of a
covariance matrix

b. in the tracking incorporation routines, this parameter

is the index of the update matrix

flag used to determine the thrust direction in the ascent

guidance

routing option for subroutine START

initialization parameter for JPLEPH

flag that indicates whether the estimated states are to be

propagated with the AEG or with the onboard integrator

event counter

powered descent abort constants
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KMODE

KNSR

KSTBRN

KSTEER

KSTBURN

KSI0

KTARG

KTG 0

KTHR

KTOFF

KTRK

KUL

flag that indicates whether or not subroutine SAMPLE is to

output a perturbed state vector X

iteration counter in subroutine JOCDH

flag that indicates if the burn is less than 6 seconds

in length

flag that indicates if steering is allowed on the current

guidance cycle

sameas KSTBR N

guidance selection flag

0 orbit insertion

1 CSI

2 CDH

3 TPI search

4 TPI execute

5 external AV

flag that controls the routing logic of DKi maneuver

computations

flag in the ascent guidance ,equations which prohibits the

cycling of the TG0 equation after TGO becomes less than
4 seconds

flag that indicates whether or not the thrust model is to

be changed for the current maneuver event

flag that indicates whether the burn is in the tail-off

phase or is complete

code associated with the TTR K table and consisting of a

table of indicies for the landmarks to be tracked

ullage phase indicator
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!

KUL

KUT A

KVR

KX

Ky

KV

KXTRA

K I

K 2

K6

KI2

value of KUL on previous cycle through the integrator

flag that controls the routing of the platform error model

logic of subroutine MANEUV

vertical rise indicator in the LM ascent guidance logic

0 steer in the commanded direction

i steer along the radius vector

coefficient of the x term of the equation used to solve

for powered descent initiation

coefficient of the y term of the equation used to solve

for powered descent initiation

coefficient of the velocity term of the equation used to

solve for powered descent initiation

counter which indicates how many variables have been

loaded into the XTRA array

a. initialization flag for the state vector propagation
routines

b. index input to SETTHR which indicates the first vehicle

to be modeled in the thrust setting logic

c. engine constant in subroutine SHORTB

a. index input to SETTHR which indicates the last vehicle

to be modeled in the thrust setting logic

b. engine constant in subroutine SHORTB

counter that indicates the index of the 6 by 6 covariance

matrix to be used on the current event

counter that indicates the index of the 12 by 12 covariance

matrix to be used on the current event

AGS gravitational constant

reciprocal of K12

i,



t

K_2

K_4

K_7

K_T

5
KI8

K_9

_0

K_6

_xL

kQ

L
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value of g in AGS if overflow occurs in e2

-K_At (At = 2 sec)

coefficient in linear expression for rf as a function

of rf

constant in linear expression for rf as a function of rf

upper limit on rf

value to which VT is set if overflow occurs in VT

acceleration check for RDT L

upper limit on rd

controls iterations of p-iterator

lower limit on Yd

lower limit of r d

Ap limiter in p-iterator

p-iterator convergence check

.°°

lower limit of r d

velocity-to-be-gained threshold

constants associated with the landmark and used in landmark

tracking

flag that indicates the type of rendezvous navigation

parameter for which print is desired

a. vehicle index

b. intermediate matrix for range and range rate updates

in AGS
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LOS

LV

LEC

LSA

LSE

L1

L2

[LVBR]

[LVBR]A

[LVL0S]

[L 0S] A

£MAX

_MIN

rendezvous navigation flag that indicates whether the state

vector being updated is that of the LM or that of the CSM

line of sight

local vertical

primary flag for event category

i maneuver

2 platform alinement

3 update event (using a covariance matrix)

4 update event (model onboard tracking)

secondary flag for event category; e.g., this flag is used

to differentiate between the different maneuver types

flag that indicates how the actual landing site position
is to be calculated

flag that indicates how the estimated landing site position
is to be calculated

index that indicates the first state vector to be

propagated in the AEG and in ENCKE

index that indicates the last state vector to be propagated
in the AEG and in ENCKE

rotation matrix that relates the Apollo local vertical
frame to the basic reference frame

actual [LVBR]

rotation matrix that relates the Apollo local vertical

frame to the rendezvous navigation line-of-sight frame

actual [LVLOS]

upper bound of general independent variable

lower bound of general independent variable

.A



_i,£2

M

MAaS

M0

MpGNCS

m

m

N

NDE L

NI

N
c

NCASE
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indices that indicate which computer platforms are to be
modeled in SETPLT

mean anomaly

burn monitor flag for the AGS computer

array that contains the number of days in each month of

the year

burn monitor flag for the LGC and CMC computers

counter that indicates the number of maneuvers stored in

the mission plan table

a. vehicle mass

b. matrix of partial derivatives of the computed range

rate with respect to inplane position and velocity

component

vehicular mass flow

a. mark counter for the tracking routines

b. number of Monte Carlo samples in the statistical

processing routines

c. counter that indicates the n_mber of guidance cycles

which have passed since the last Lambert solution in

a Lambert guided maneuver

0 for range rate radar update in AGS

I for range radar update in AGS

flag that indicates the number of offsets to be computed
in subroutine INITV

counter used in the thrust sensing logic in MANEUV

Monte Carlo loop counter

counter that indicates number of cycles of the AGAST logic,

including the cycle for generation of the reference

trajectory
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NCDH

NF

NI

NLM

NMAX

Np

NpASS

NpH

NSAM

NTHROT

NTOTAL

NI

N2

N3

apsis indicator for the CDHmaneuver

maneuver line counter to be advancedto in subroutine COMDKI

initial maneuver line counter in subroutine COMDKI

numberof landmarks to be tracked

number of guidance cycles in a Lambert guided maneuver
between each Lambert solution

index of the tail-off phase

iteration counter for the TGOcalculation of the descent
gui dance

' from beingburn simulator control flag that keeps IpH
set until all logic required for initialization of a
new thrust phase has been processed

numberof Monte Carlo cycles requested

flag that indicates whether or not the DPSis to be
throttled up

counter for the TTRK table

a. maneuver line numberof the first maneuverof a
DKI sequence

b. otherwise equivalent to NI

a. maneuver line number of the second maneuverof a
DKI sequence

b. otherwise equivalent to NF

a. maneuverline numberof the third maneuverof a
DKI sequence

b. in subroutine START,this parameter is the index of
the main thrust phase

J



I.

N 4

N 5

[NBSM]

n

nCS M

nE

n I

n.
1

P

PDI

PEM

PF

PHT

PI

p'

[P]
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index of the main engine ignition thrust phase in
subroutine START

index of the tail-off thrust phase in subroutine START

rotation matrix that relates the navigation base

coordinate frame to the stable member (IMU) frame

variable that indicates which actual solution is to be

used for computation of the maneuver targeting error

mean motion of the CSM

mean motion of CSM in AGS

mean motion of the ith vehicle

mean motion output by orbit parameters subroutine

a. orbital period in subroutine COMDKI

b. LM state vector error covariance matrix in AGS

c. semilatus rectum of LM transfer orbit in AGS

a. powered descent initiation

b. time of powered descent initiation

platform error matrix in subroutine AGSRR

thrust dispersion percentage desired

equivalent to ATBp

specific impulse dispersion percentage desired

ratio of the semilatus rectum to the position vector

magnitude

previous value of p in p-iterator portion of AGS

rotation matrix output from subroutine PMATRX



[P(t) ]

[PA(t ) ]

[PE(t ]

[PNL1

[PT]

Pi

q

q

qa

ql

R

RR

RA

RAGS

R
a

RBIAS

RDD

RE

REPH
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platform error matrix

AGS platform error matrix

platform error matrix output from subroutine PERRO

lunar libration matrix which is output from subroutine

JPLEPH; see the second definition of [A]

PGNCS platform error matrix at the time of AGS-to-PGNCS
alinement

probability table generated in the cumulative distribution

function routine CDFUNC

intermediate computation matrix for radar update equations

present LM perigee

same as q

perigee of LM transfer orbit

radius vector magnitude

rendezvous radar

a. actual relative range in tracking routines

b. radius of apogee in CONVRT

estimated relative range in the AGS

radius of apogee

bias to RR range measurement

desired LM insertion radius

earth equatorial radius magnitude

conversion factor from er/hr to fps



_J

RIGx'RIGz

R L

RLS

RLSM

Ro

Rp

RpGNCS

RTA

Rx,R z

RA

RAGS

RpGNCS
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desired x and z components of the LM position vector at

the full throttle point of descent

target radius vector magnitude

chaser radius vector magnitude

radius magnitude of the landing site

same as RLS

measured relative range

mean lunar radius

equivalent to RMOON

radius of perigee

estimated relative range in the PGNCS

mean radius of the central body

CSM state vector in the AGS

components of R along local vertical and local horizontal

axes, respectively

a. radical velocity component

b. relative range rate

actual relative range rate

estimated relative range rate in the AGS

measured relative range rate

estimated relative range rate in the PGNCS
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R

RDTL

R

RAGS

RA,I

RA,J

RAVG

_c

RCL

RC0 N

RCSM

RDG

RE,I

RE ,J

_a

RIG

computed range rate saved when subroutine FILTER is initia-

lized

lower limit of rd, computed as a function of vehicle Config-
uration

a. position vector

b. relative position vector of CSM with respect to the LM

computed inertial range vector in subroutine FILTER

AGS estimated LM position vector

actual position vector of the active vehicle

actual position vector of the passive vehicle

position vector to be integrated by subroutine AGSAG (input

and output)

position vector used in the ascent guidance

range vector directed from the CSM to a landmark

conic position vector in ENCKE

position vector of the CSM

desired target position vector

estimated position vector of the active vehicle

estimated position vector of the passive vehicle

position vector in LM descent guidance coordinates

position vector of the active vehicle

position vector at ignition time



RII

_a

RJc

_Jl

_J2

_aB

Rj

_n

RLC

RLM

_LS

RLSA

ZM

No

Ro
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position vector of the active vehicle at CSI

position vector of the active vehicle at CDH

position vector of the passive vehicle

passive vehicle position at CDH phase match

position vector of passive vehicle at CSI

position vector of passive vehicle at CDH

position vector of passive vehicle at TPI

position vector of the passive vehicle at phase match with

the desired position of the chaser at TPI

a. position vector of a landmark in subroutine ONR

b. magnitude of position vector in TCONE

vector from the active vehicle to the passive vehicle

position vector of the LM

landing site position vector

actual landing site position vector

position vector at the midpoint of a burn

new value of position vector integrated by subroutine AGSAG

a. position vector input to subroutines LVLHDX and PMATRX

b. rectified state vector in ENCKE

saved value of R0 in ENCKE



_p

RpGS

Rpp

_REL

IS

RSG

_T

RT, JPHASE

RT2

R

[R]

[ROTRR]

[R 0 ]

r

rb

rf
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a. position vector in platform coordinates in the LM descent

guidance

b. landmark position vector in selenocentric coordinates in

subroutine ONR

PGNCS estimated LM position vector

range vector in platform coordinates directed from the LM to

the landing site

actual relative range vector

position vector of the landmark to be tracked

landmark position vector in selenographic coordinates

target vector for Lambert maneuver

input target position vector for each descent guidance phase

offset target vector in a Lambert maneuver

computed range rate vector between LM and CSM

a. see [P]

b. rotation matrix from first point of Aries to Greenwich

coordinates in AMATRX

matrix that defines the actual orientation of the LM Z-body

axis

matrix that defines the vehicle attitude during a burn

a. position vector magnitude

b. range in PCA

predicted LM burnout radius saved from previous 2-second cycle

predicted LM radial distance at t. , current for orbit inser-
tion ig
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ro
i

rT

r

rA

rf

°°

rd

"rd

_C

rF

r I

inertial position vector magnitude output by subroutine OPS

predicted radial distance of CSM as it crosses the vector

r 5 in the direction of the LM at t.
Ig

range rate

predicted LM altitude rate at t. for CSI and CDH
ig

predicted radial rate for the following

ao CSM as it crossed the vector r
s

the LM at t. for CDH
Ig

in the direction of

b. LM in orbit insertion mode

c. LM at t. for CSI
ig

desired radial acceleration

desired derivative of the radial acceleration

a. LM position vector

b. position vector to be advanced by subroutine CONIC

predicted CSM inertial position vector at t. for CSI, CDH,
ig

or TPI modes; at present time for orbit insertion mode

position vector input to subroutines OPS and ELPRE

predicted LM inertial position vector at t. • current LM
ig'

position vector for orbit insertion

LM velocity vector just prior to the second impulse in the
transfer orbit

LM velocity vector after first impulse for the transfer orbit

S intermediate symbol for a sum
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SAVMAN array that contains the following data for each solution

targeted

a. TEX

b. AVEx

SOM

SOR

SPHERE

SE

S.
I

SAE

s07

Sl0

s16

[s_B}

S °

J

T

c. y

d. h
a

e. h

P

f. E A

stable orbit midcourse maneuver

stable orbit rendezvous maneuver

six-dimensional array of spherical orbital elements

product of the orbital eccentricity and the sine of the

eccentric anomaly

product of eccentricity and sine of eccentric anomaly

sine of the difference in the present and final eccentric

anomalies

i if velocity-to-be-gained vector is to be frozen in AGS

inertial coordinates and sensed velocity;

0 otherwise

same as KS10

i compute CDH at one-half LM orbital period after CSI

3 compute CDH at 1.5 LM orbital periods after CSI

rotation matrix that relates the stable member (IMU) frame

to the navigation base coordinate frame

accelerometer scale factor in subroutine SETPLT

current mission time referenced from the base time
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THcL

TIME

TA

TABORT

TAGS

TAO

TASCENT

TB

TBIAS

TCA

TCD H

TCS I

TCOMP

TD

TDV

TE

TE

TENDAPR

TENDBRK

threshold time for the maneuver line logic

a. clock time read from the UNIVAC 1108 system clock

b. time to which a state vector is to be advanced in ENCKE

time of alinement

time at which an abort from descent isto occur

time associated with the AGS state vector

time from CSI to CDH in AGS

nominal ascent powered flight time

time of burn

time bias added to the CDH or TPI maneuver time

time of closest approach of the LM and CSM

time of the CDH maneuver

time of the CSI maneuver

time between each Lambert solution in a Lambert guided burn

direct transfer time through which the conic update of the

state vector is to be made

time used in the target _V logic

time associated with an estimated state vector

saved value of TE

the AT, referenced from the LM descent approach phase target

point, at which the approach phase is terminated

the AT, referenced from the LM descent braking phase target

point, at which the braking phase is terminated
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TERR

TEVENT

TEX

TF

TFA

TFTP

TGO

T !

GO

T"
GO

TGO

TGOAUG

TI

TIG

TIM

TIMN4

T.
i

error in the transfer time in subroutine LAMBERT

time of the current event

time of an external AV maneuver

a. time of the final maneuver in a Lambert sequence

b. mark time in the optical tracking routines

time of the first apsis crossing after a threshold time

time at which DPS full throttle position is to be achieved

a. in the LM descent guidance logic, this parameter represents

the time to go until the end of the current descent

guidance phase

b. in all other guidance logic, this parameter represents the

time to go until the main engine cut off.

time to go until end of tail-off

time to go until end of the current thrust phase

stored TG0 which was calculated during the current guidance

cycle

first guess at the approach phase duration

time of the first maneuver in a Lambert sequence

time of burn initiation

table of the AT's o£ each thrust phase used in subroutine
START

ullage phase AT

time input to ELPRE which represents one of the following

a. time from CSM epoch to rendezvous

b. time from CSM epoch to rendezvous retarded by j4 in TPI
mode

q
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T.

ig

T.

_ga

Tigb

TjC

TjD

TLAST

TLO

TM

TMARK

TMOVE

TNEXT

TNEXTE

TNSR

TNI

TN2

TN 3

Tp

c. time from CSM epoch to CSM crossing vector in

tion in CSI and CDH modes

desired time of next AGS maneuver

time of CSI in AGS

time of CDH in AGS

r 5 direc-

time in Julian centuries from January i, 1900, to the base

date

Julian date of the base date

a. time of the last event

b. time of the last initial state vector in the AEG

lift-off time

table of five mark times for a pass over a landmark

vector of tracking sequence times in subroutine AGSRR

time to which the state vectors are to be propagated

time of the next event

estimated TNEST values for each monitored computer

time of the NSR maneuver

time of the first maneuver of a DKI sequence

time of the second maneuver of a DKI sequence

time of the third maneuver of a DKI sequence

a. orbital period

b. time from TPI to rendezvous



!

Tp

T
perg

TR

TSAVE

TSE C

,

TSE C

TSTART

TSTOP

TT

TTp F

TTp I

TTR K

TXUS

TA

TI

T2

T4

T21

498

previous value of T in p-iterator portion of AGS
P

time of LM to perilune

a. time of the initial reference state vector

b. predicted time from present to rendezvous (valid •only for

TPI mode)

table of closest approach times of the CSM a landmark

time•to which a state vector is to be advanced

saved value of TSE C

start time for onboard tracking

stop time for onboard tracking

time at which the passive vehicle is at phase match with the

desired SOR target

time of rendezvous

time of terminal phase initiation

table of closest approach times of the CSM to a set of landmarks

average-g integration time interval left before burn ignition

time from present to next maneuver

a. time of the first maneuver of a Lambert sequence

b. time of last radar range update

time of the second maneuver of a Lambert sequence

time since the DPS went to the full throttle position

computed transfer time from Kepler's equation

4

r_
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qP.

tr

t

I

T21

T'

IT1

[TA ]

t

tE

t.
ig

t21

U

UCSI

U I

Uj

UOC

UIX

UIZ

U

UCL

previous value of T21

time of the last guidance cycle

REFSMMAT; rotation matrix that relates the basic reference

system to the estimated IMU orientation

rotation matrix that relates the basic reference system to
the actual IMU orientation

time of LM state vector in AGS

time of CSM state vector in AGS

desired time of next maneuver

previous value of t21 in iteration

vehicle's argument of latitude

argument of latitude of the apoapsis

argument of latitude of the CSI maneuver

argument of latitude of the active vehicle

argument of latitude of the passive vehicle

argument of latitude of the maneuver line

x-component of vector _i

Z-component of vector U1

saved value at U

general symbol for a unit vector

burn residual

unit vector along RCL

unit vector along the line of sight of the SXT to an object
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m

UNB

UQ

UR

UREL

U
r1

USM

USXT

UTA

UTD

U
Y

Dz

UZR

[uvwxYz]

SXT navigation base unit vector directed along the line of

sight to an object being tracked

unit vector in the LM ascent guidance along the negative CSM

angular momentum vector

unit vector along the radius vector

unit vector along the relative range vector

unit vector of _i in subroutine CONIC

unit vector in stable member coordinates along the line of

sight to a landmark being tracked

unit vector produced by the alinement of the SXT to Sn object

to be tracked

unit vector along the actual thrust direction

unit vector along the desired thrust direction

unit vector in the LM ascent guidance which is perpendicular

to the LM radius vector

down-range unit vector at LM insertion

vector through the central body north pole

unit LM position vector

CSI and CDH: unit vector pointing toward the CSM at t.
ig

TPI: unit vector pointing toward either rendezvous point or

toward rendezvous point retarded by J_

rotation matrix that relates the uvw local vertical coordinate

system to the xyz Apollo local vertical coordinate system

4

V general symbol for velocity
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@<

VARIMU

VARINT

VARR

VARRMIN

VARscT

VARsxT

VARV

VARvMIN

VARvH F

VABVHFMIN

VAR B

VAR e

VHFBIAS

VCON

onboard constant that represents the a priori estimate

of the IMU angular error variances per axis

onboard constant that represents the a priori estimate

of the relative range error variance caused by coasting

integration inaccuracies

onboard constant that represents the a priori estimate

of the RR measured range error variance corresponding

to a percentage error

onboard constant that represents the minimum RR measured

range error variance

onboard constant that represents the a priori estimate

of the scanning telescope angular error variance per axis

onboard constant that represents the a priori estimate of

the sextant angular error variance per axis

onboard constant that represents the a priori estimate

of the RR measured range rate error variance corresponding

to a percentage error

onboard constant that represents the minimum RR measured

range rate error variance

onboard constant that represents the a priori estimate

of the VHF measured range error variance corresponding

to a percentage error

onboard constant that represents the minimum VHF measured

range error variance

onboard constant that represents the a priori estimate of

the RR measured shaft angle error variance

onboard constant that represents the a priori estimate

of the RR measured trunnion angle error variance

bias on VHF range measurement

array that contains conversion factors needed to convert

various velocity units to fps
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VE,Ve

VG

VGX'VGy'VGz

Vgx ,Vgy,Vgz

VH

VH,I

VR

VRa

Vhf

VIGV

VIH

VIV

VII

V
po

V
PY

Vt

thrust exhaust velocity

magnitude of velocity-to-be-gained vector

componentsalong the LMX-,Y-, and Z-body axes,
respectively, of the velocity to be gained

componentsalong the LMX-,Y-, and Z-body axes,
respectively, of the total LMvelocity to be gained
during the burn

a. horizontal velocity component

b. desired horizontal velocity at insertion

horizontal velocity componentof the active vehicle

horizontal componentof the present LMvelocity

horizontal componentof LMvelocity vector parallel
to the CSMorbit, at present time in orbit insertion
mode, at t. in CSI or CDHmode

ig

required horizontal componentof LMvelocity parallel
to CSMplane for the current guidance mode

desired velocity magnitude at the DPSfull throttle
position

desired horizontal velocity of active vehicle at CDH

desired radial velocity of the active vehicle at CDH

velocity of the active vehicle CSI

predicted velocity to be gained at CDH; computed
in the CSI modeonly in AGS

predicted LM out-of-CSM plane velocity at t. forig
CSI, CDH,and TPI; current for orbit insertion

total change in velocity required for a direat transfer



VTRIM

V
v,I

VV,j

Vy

Vyo

V1

VlO

V2FG

V

%

VA,_

VA,_

VAOS

%vo

Vc

Vco_

?csM

%°

%

5O3

magnitude of the trim maneuver

vertical velocity component of the active vehicle

vertical velocity component of the passive vehicle

component of LM velocity in direction perpendicular
to the CSM orbit

same as Vy

AV Of CSl maneuver

AV of previous guess at the AV of CSI

desired target velocity for the velocity-followingmode

general symbol for velocity vector

actual velocity vector

actual velocity vector of active vehicle

actual velocity vector of passive vehicle

AGS estimated LM velocity vector

velocity input to subroutine AGSAG to De integrated

CSM velocity vector

velocity of the conic vector in ENCKE

CSM velocity vector

desired velocity target vector in the descent guidance

estimated state velocity
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VE ,I

VE,j

%

V G

VI

V I

VIG

VII

VI2

VI2

V.
i

%

VjC

Vjl

Vj2

Vj3

VLC

VM

%

estimated velocity vector for the active vehicle

estimated velocity vector for the passive vehicle

predicted braking velocity for direct transfer

velocity to be gained

velocity of the active vehicle at the point of the

first maneuver of a Lambert sequence

seeVt

velocity vector at ignition time

active vehicle velocity at CSI

active vehicle velocity at CDH

desired active vehicle velocity after CDH

updated velocity vector in subroutine ELPRE

velocity vector of the passive vehicle

velocity vector of the passive vehicle at CDH phase match

velocity vector of the passive vehicle at CSI

velocity vector of the passive vehicle at CDH

velocity vector of the passive vehicle at TPI

relative velocity vector of LM with respect to the CSM

velocity vector of the monitoring computer's state

present velocity vector in subroutine AGSAG
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w

%

V 0

%

VpG S

Vpp

%

VREL

VROT

%
--I

V T

VT ,JPHASE

%
--I

V I

%

a. input velocity vector to the routines LVLHDX

and P_._TRX

b. initial velocity vector in ENCKE

c. velocity vector to be updated by subroutines OPS and ELPRE

saved value of V 0 in ENCKE

velocity vector in platform coordinator

velocity vector of the PGNCS state vector

velocity vector in platform coordinates which has a

magnitude equal to the ground speed

rotated velocityvector

actual velocity vector of CSM relative to the LM

velocity of the spacecraft in selenocentric coordinates

caused by lunar rotation

desired vector after the first maneuver in a Lambert transfer

same as V'T

input velocity target vector for each phase of descent

horizontal unit vector in transfer plane

• B

unit vector normal to U, and parallel to the CSM orbital

plane at t. in CSI, CDH, and TPI; at present in
_g

orbit insertion

a. unit vector horizontal at rendezvous point and in

transfer orbital plane

b. also as above except retarded by j4 in transfer orbital

plane

predicted LM velocity vector at TPI



WAFTER

W
A,I

wAT

WBO

WE

WLM

W 0

wT

W

WENG

[w]

[wB]

[WIcoM]

WCy

Wiy

W

%

%
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vehicle weight after a maneuver

actual weight of active vehicle

table of vehicle weight at each thrust phase

vehicle weight at main engine burn out

estimated vehicle weight

LM weight

vehicle weight at the beginning of a maneuver

vehicle weight at the beginning of each thrust phase

weight flow

weight flow used in subroutines SPLIT and START

navigation filter W-matrix

partitioned W-matrix used in the propagation routine ENCKE

W-matrix of the ICO M computer

_th 3 by 3 matrix generated by partitioning the

9 by 9 W-matrix and indexing the partition by rows

initial W-matrix for an unknown landmark

Y-component of WC

Y--component of W I

weight flow table for the thrust profile

unit vector normal to CSM orbital plane

KD dimensional vector of the initial diagonal values

of the W-matrix

g
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X

XREADI

XREAD2

XREAD3

XREAD4

XTRA

xA

XAGS

XE

X
E,I

XES

Xj6

XLS

XLSA

XLSE

_th three-dimensional column vector of the W-matrix; the

column vectors are indexed by rows

unit vector perpendicular to transfer orbital plane

general symbol for a six-dimensional state vector

first record format on data unit 13; consists of

flags that define the type of maneuver statistics that

are to be produced

second record format on data unit 13; consists of

reference states and comments to be printed

third record format on data unit 13; consists of sample

event time, sample actual stater, sample estimated stater,

targeted AV, and burn statistics

fourth record format on data unit 13; consists of total

burned AV, braking AV, and extra orbital parameters

for processing

an array of ten orbital parameters for which statistical

processing is desired

actual state vector

AGS estimated LM state vector

estimated state vector

estimated state vector of the active vehicle

estimated state vectors that result from sampling of

MSFN and onboard tracking uncertainty matrices

same as j6

landing site position vector

actual landing site position vector

estimated landing site position vector



XLSR

XDD.

XR

x

Xo

1

XNOM

XKI2

XN

\

Y

YDD

YERR

5o8

reference landing site vector

reference state vector

symbol used in subroutine INPUT to represent the input

state vector; it may lie in Cartesian coordinates,

classical elements, or spherical elements

target LM insertion velocity vector

rotated state vector in TRANC0

a. independent variable in the regula-falsi iteration

in REGFAL

b. universal variable in subroutine UNIVAR

a. array of samples of the parameter X_for which a
cumulative distribution table is desired

b. array of random numbers generated by subroutine RANN0

nominal value of the variable X

same as KI2

the nth value for the quotient of the universal

variable X and the position vector magnitude

unit vector along LM X-body axis

unit vector along desired pointing direction in steering

a. 0ut-of-plane position component

b. yaw angle in subroutine START

c. component of LM vector in the direction perpendicular

to the CSM vector in AGS

desired out-of-plane position at insertion

error in the dependent variable y in subroutine ITRATE

q

g



Y°

i

y,

Y

Yd

5.
i

[z]

aE

1

aL

_N

5O9

array of random numbers uniformly distributed on the

interval [0, i]

previous value of Y

out-of-plane velocity component

desired out-of-plane acceleration

desired derivative of the out-of-plane acceleration

unit vector along LM Y-body axis

unit vector along LM Z-body axis

unit vector along range vector which commands desired

pointing direction in Z-axis steering

actual Z-body direction in inertial reference frame

navigation filter vector used in the intermediate computations

matrix formed by the three Z. vectors
m

reciprocal of the semimajor axis in subroutine CONIC

navigation filter variance

semimajor axis of CSM orbit

semimajor axis of LM orbit

desired semimaJor axis of LM orbit after burn

ratio of magnitude of initial position vector to

semimajor axis

tolerance on the phase angle convergence in COMDKI

actual RR shaft angle

BE estimated RR shaft angle
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Y0

AE.
i

AHcD H

AHTp I

Ah

Ah D

A_MAX

AhMI N

AM.
i

AP

measured RR shaft angle

a. flight-path angle in subroutine OUTPUT

b. error in phase angle convergence in CFP

c. intermediate variable in the W-matrix update
routine DINCP2

d. inertial flight-path angle as measured from vertical
in subroutine UNIVAR

value of CFP phase angle convergence error on the

previous iteration

difference in the final and initial eccentric anomalies

in subroutine ELPRE

differential height at CDH

desired differential height at the second maneuver

of the modified S0R logic

desired differential height at TPI

differential height

desired differential height at CDH

maximum differential height between two orbits

minimum differential height between two orbits

difference in the final and initial mean anomalies

change in P for next iteration in p-iterator portion

of AGS

measured relative range

estimated relative range rate

4

.t

i

ARM measured relative range rate
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Ar

Ar I

AT B

ATBI

ATBp

ATOp

AT*
BPA

ATBRAK E

ATBURN

ATBURN

AT_uRN

ATcA

ATcL

ATEN G

ATG0

ATIG

difference in the radial distances of the CSM and LM

at phase match at CDH

a. difference between the X-components of measured

range and the computed range

b. the difference between the measured range rate and

the computed range rate

a. integration step size

b. guidance cycle length

burn time for a maneuver

half the burn time for a maneuver

table of phase times for the thrust profile

stored table of thrust profile phase times

equivalent to ATOp

first guess at the braking phase duration

time spent in a thrusting maneuver; includes ulla_e

AT of the current thrust maneuver from ullage ignition

to the current guidance cycle

AT between ullage ignition and main engine cutoff

time tolerance used to define convergence of the closest

approach iteration of TPASS

desired maneuver line time bias from the apsidal crossing

thrust profile phase timer set in subroutine SPLIT

and input to subroutine START

incremental adjustment to TGO in the descent guidance logic

incremental adjustment to the PDI calculation of the

preignition phase
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ATINT

ATMARK

ATMAX

ATp

ATpAss

ATsAvE

ATTAIL-OFF

ATTAIL-OFF

ATTEST

ATTo

ATToL

integration step size

time increment between marks

maximumtime step allowed in elevation angle search

AT of the current thrust phase

minimumacceptable ATof a CSMpass over a landmark

table of AT's of CSMpasses over the landmark to be tracked

duration of burn tail-off phase

stored value for ATTAIL_OFF

minimumacceptable time between the optical tracking of two
landmarks

duration of burn tail-off phase

minimumtime between the maneuverline threshold time and
the initial maneuver line

AV

N
{AVk}k=I

AVMAN

AVMIN

AVREF

AVTo

magnitude of velocity vector increment

table of samples of total AV required for the mission profile

total AV of a maneuver

minimumAV required during a guidance cycle for the guidance
to consider the engine to be burning

reference value for the total AV required for the mission
profile

tail-off AV

AVToT total AV of a maneuver
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AVToTAL

AVI

AxA

AX E

Ax

AZ

AAh

Ac_

A8

^Tf'l

m

AQ S

Aq s

AR

total AV of a maneuver

AV remaining to be burned by the main engine before cutoff

actual relative state vector

estimated relative state vector

a. step size in the computations of the cumulative

distribution table of subroutine CDFUNC

b. increment in the independent variable x computed in
REGFAL

c. increment in the universal variable x in subroutine

CONIC

increment in the general independent variable in subroutine

ITRATE

maximum variation in the differential height between two
orbits

phase error at TPI in subroutine COMDKI

phase error at TPI in subroutine PMISS

integrated gravity acceleration vector per 2-second computer

cycle

sum of sensed velocity increments A_

sensed velocity increments

identical with_ s

vector increment to a radius vector

actual relative position vector

estimated relative position vector

n

AV incremental velocity vector
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AVA

A -AGs

A_BR

AVcDH(LV)

AVcsI (LV)

AV(LV)

AVLv

AVNI

AVN2

AVN3

AVpG S

s

AVTp F

AVu

a. actual incremental velocity vector

b. actual relative velocity vector

incremental velocity sensed by the AGS accelerometers

accelerometer AV read bias

incremental velocity vector in basic reference coordinates

required CDH AV in local vertical coordinates

required CSI AV in local vertical coordinates

a. estimated incremental velocity vector

b. estimated relative velocity vector

incremental velocity for an external AV maneuver

incremental velocity in local vertical coordinates

equivalent to AV(LV)

the AV of the first maneuver of a DKI sequence

the AV of the second maneuver of a DKI sequence

the AV of the third maneuver of a DKI sequence

accelerometer sensed AV in platform coordinates

incremental velocity sensed by the PGNCS accelerometers

sensed AV during a guidance cycle

incremental velocity required for velocity match at

unit vector directed along AV'_Cvn
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9 _

AVvE C

AV1

_Q

_R

6RvH F

_r

6T

_TABORT

incremental velocity targeted for a maneuver

AV of the first maneuver in a maneuver sequence

AV of the second maneuver in a maneuver sequence

correction vector to a landmark position vector

minimum central angle between the radius vector of the

spacecraft and that of a landmark

discrepancy between the measured value and estimated

value of a tracking parameter

measurement bias on range

VHF measurement bias on range

measurement bias on range rate

error in the estimated relative range vector after a

tracking mark has been incorporated

error in the estimated relative range vector before

a tracking mark has been incorporated

correction to the estimated relative range vector

a. stable orbit displacement distance

b. difference in the CSM and LM radial distances

at phase match at t. in AGS
Ig

a. time lag between the target vehicle and the desired

chaser position at the time of the second maneuver

of the stable orbit sequence

b. guidance cycle increment in the burn simulation

routine RUNGA

c. general variable for a time step increment

time from powered descent ignition at which an abort

is to occur
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6TINC

6TsTAGE

6TsTAR T

6Tus

_T 4

6U

6VX

6VI

6V2

_X

6XE

6XLA

6XLs A

_XLs E

6X S

_A

integration interval in the burn simulation routine RUNGA

maximum time from powered descent ignition at which

staging is to occur

time increment from the last event to the start of

onboard tracking

integration step size during ullage

time increment remaining until the end of the current

guidance cycle

tolerance on U used in placing U in the proper quadrant
in the AEG

current iteration on the NCI maneuver in subroutine COMDKI

previous iteration on the NCI maneuver in subroutine COMDKI

current iteration on the NCI maneuver in subroutine COMDKI

state vector dispersion

dispersion of the estimated state vector from the

actual state vector

table of state vector dispersion in the subroutine SAMDIF

dispersions obtained from sampling the lunar ascent
insertion matrix

dispersion of the actual landing site off the reference

landing site

dispersion of the estimated landing site off the actual

landing site

of the entries in the table {6Xk}Ns_
k=l

maximum acceptable central angle between the radius

vector of the spacecraft and that of a landmark which

is to be tracked
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_SXT '6SXT '6SXT
x y z

6aI

6_2

6B

68E

6AXE

6O

6@E

6*

Y.
1

6S

angular bias error for each axis of the unit

vector produced by sextant tracking

phase angle error on the previous NCI iteration in
subroutine COMDKI

phase angle error on the current Nci iteration in
subroutine COMDKI

RR shaft angle measurement bias

onboard navigation filter estimate of 68

difference between AXA in local vertical coordinates

and AXE in local vertical coordinates

RR trunnion angle measurement bias

onboard navigation filter estimate of 6@

sample mean of the differences between the reference

value of the parameter x and the sample
values of x

staying flag in AGS

w

position vector deviation from R which is the
CON'

conic position vector in subroutine ENCKE

saved value of 6

equivalent to 6 indexed by vehicle number

saved value of

error in the estimated relative velocity vector

after a tracking mark has been incorporated

error in the estimated relative velocity vector

before a tracking mark has been incorporated

correction to the estimated relative velocity vector
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m

_X.
i

x z

ED

E° •

EMIN

_T ¸

@A

@CANT

@D

0f

@INS

@LOS

@M

@T

correction to the estimated state vector being updated

angular error for each axis of the unit vector produced

by sextant tracking

desired elevation angle at TPI

element of the E-matrix which consists of the error angles

for the accelerometer mounting

minimum acceptable tracking visibility angle from a

landmark to an orbiting spacecraft

tracking attitude deadband

random vector of variable dimension; the vector is

generated in such a way that each component has a mean

of zero and a standard deviation of i

a. phase angle

b. true anomaly

c. half the orbital arc traveled by the spacecraft while

visible to a landmark (subroutine TPASS)

actual RR trunnion angle

engine cant angle

desired phase angle at TPi

central angle between CSM and LM at t. in CSI mode of
ig

AGS; at present in orbit insertion mode

desired true anomaly at insertion

line-of-sight angle of CSM relative to the LM

measured RR trunnion angle

orbital arc traveled by the spacecraft during a burn



_

@TPI

@x,@y,@z

;@z@x,o;@y,o ,o

@x,0y,@z

_K

_R

_R,0

WE

1

PR

PV

P2

_3

_8
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phase angle at TPI

platform misalinement angles

initial platform misalinement angles

platform gyro drift rates

a. longitude of the spacecraft

b. longitude of a landmark

longitude of the kth landmark

longitude of the landmark for which visibility

data are to be computed in subroutine TPASS

input _R in selenographic coordinates (subroutine TPASS)

a. gravitational constant of the central body

b. mean of a random variable

gravitational constant of the earth

sample mean of the ith parameter table processed by
subroutine SAMSIG

mean of the radius vector dispersions

mean of the velocity vector dispersions

iteration control counter in subroutine ELPRE

p-iteration control counter in AGS

ullage counter

mean of a random vector

deviation of the velocity vector from VCON, which

is the conic velocity vector of subroutine ENCKE
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i

P • .

ij

E

_A,I

E
r_c

EREL

ER,K6

E
T

_T,K_12

ij

m

vector v. indexed by vehicle number
i

w

same value as v

correlation coefficient for the ith and jth components of

a state vector

covariance matrix

covariance matrix of actual state vector dispersions

from the reference state vector

E A for the ith vehicle

covariance matrix that represents the dispersions of

the actual and estimated states at insertion caused by

powered ascent

covariance matrix that represents the dispersions of

the actual landing site from the reference landing site

covariance matrix that represents dispersions of the

estimated landing site off the actual landing site

the 6 by 6 matrix in the rth row and cth column of a

square partitioning of a 12 by 12 covariance matrix

covariance matrix of dispersions to the estimated relative

state vector

storage array for 6 by 6 tracking covariance matrices

a 12 by 12 covariance matrix of MSFN tracking uncertainties

for two vehicles

storage array for 12 by 12 tracking covariance matrices

standard deviation

O
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b

_BSXTx [I

gBsx T
Y

_Bsx T
Z

gBvH F

(_AAL

_ALN

_DVB

_F

(_o

1

(_..

ij

standard deviation of the an_ular bias in each axis

of the unit vector produced by sextant tracking

standard deviation of the VHF range measurement bias

standard deviation of the angular accelerometer
misalinement for each axis

standard deviation of the initial platform misalinement

angles for each axis

standard deviation of the platform _yro drift rate
for each axis

standard deviation of the accelerometer read bias for

each axis

standard deviation of the thrust magnitude

standard deviation of the specific impulse

standard deviation of the ith parameter of an array

element of the ith row and jth column of the

covariance matrix

gN R

_NB

gN@

gR

standard deviation of the RR noise on the range measurement

standard deviation of the RR noise on the range

rate measurement

standard deviation of the RR noise on the shaft

angle measurement

standard deviation of the RR noise on the trunnion

angle measurement

standard deviation of the radius vector dispersions
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_SXT
X

_SXT
Y

°SXT

_V

gSR

_SR

°6B

_80

"rG

"rS

T_

q_

@ASCENT

¢csH

CD

CK

CR

standard deviation of the angle noise in each axis of

the unit vector produced by sextant tracking

standard deviation of the velocity vector dispersions

standard deviation of the bias in the RR range measurement

standard deviation of the bias in the RR range rate measurement

standard deviation of the bias in the RR shaft angle
measurement

standard deviation of the bias in the RR trunnion

angle measurement

a. time since last rectification in ENCKE

b. ratio of vehicle weight to weight flow in the

LM ascent guidance logic

time increment, in LM descent guidance, during which

velocity errors are to be damped out during the

velocity-following mode

time increment to the termination of the current guidance

phase in LM descent guidance

saved value of T at insertion

latitude

powered flight arc of ascent

travel angle of the CSM during powered ascent

desired phase angle at insertion in a powered ascent

latitude of the kth landmark

latitude of the landmark for which visibility data

are to be computed in subroutine TPASS

I
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USC

uSG

input CR in selenographic coordinates

(subroutine TPASS)

desired phase angle at lift-off in a lunar ascent

heading angle from north

sine of LM pitch attitude

sine of desired LM out-of-plane attitude

magnitude of the vector uC

mean motion of the passive vehicle

rotation rate of the earth about its polar axis

rotation rate of the moon about its polar axis

mean motion of the passive vehicle

target travel angle during a chaser two-impulse sequence

apsidal rotation rate of the active vehicle

thrust turning rate vector

commanded thrust turning rate vector

Kalman filter weighting vector used in the onboard

tracking routines

angular rotation rate vector of the moon in spacecraft

platform coordinates

angular rotation rate vector of the moon in selenocentric

coordinates

angular rotation rate vector of the moon is selenographic
coordinates
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